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MAGRAM--A Computer Code for Quantitative Elec t ron-microprobe 
Analysis of Radioactive Materials 

by 

R. Natesh, E. M. Butler, and D. R. O'Boyle 

ABSTRACT 

A FORTRAN-IV computer code, called MAGRAM> has 
been developed to co r rec t and plot X- ray data collected with 
a shielded e lec t ron-microprobe analyzer. The measured 
X-ray intensit ies of up to three elements a re correc ted for 
system dead-t ime effects, beam-cur ren t drift, X-ray back­
ground, atomic number. X-ray absorption, fluorescence ef­
fects, and gannma-induced secondary radiation. The program 
allows a maximum of 300 separate analyses to be correc ted 
in a single run and has pr inter and CALCOMP plotting op­
tions for 1 to 99 points. The application of the p rogram to 
measurements of the radial redistr ibution of uranium and 
plutoniunn in i r radia ted mixed-oxide fuel is i l lustrated. 

I. INTRODUCTION 

Elec t ron-microprobe analysis is a widely used experinnental tech­
nique for determining the chemical composition of a snnall volunne of mate ­
r ia l (approximately 1 /a ) by excitation of the microvolunne with a finely 
focused electron beam. The beam, usually < l / i i n dianneter, generates 
character is t ic X rays in the nnicrovolume, which are diffracted by a crys ta l 
X-ray spect rometer and counted by standard X-ray techniques. Because 
of the excellent resolution of the nnethod, nnicroprobe analysis has been 
useful in diversified metal lurgical studies including phase equilibria, dif­
fusion, and corros ion phenomena. In the field of nuclear ma te r i a l s , the 
e lec t ron-microprobe analyzer has been used to study compatibility r eac ­
tions between fuel and cladding nnaterials, sol id-state diffusion kinetics, 
and metall ic and cerannic nnulticomponent phase systenns. Thus it seenned 
desirable to adapt microprobe techniques to investigate the complex fuel-
cladding-fission-product react ions that occur in highly i r radia ted fuel 
elennents. 

Ear ly nnicroprobe analysis of i r radiated fuel specimens^'^ was con­
ducted at several laborator ies using commercia l microprobe analyzers 
without special gannnna shielding. To reduce the fluorescent background 
due to hard gannma radiation and to facilitate handling, the nnass of the 
specimen being analyzed was kept small so that the gannnna activity was 
sufficiently low to allow the specimen to be handled out̂ T̂Hf̂  a Knf r-o]} 



This technique was appropriate for some initial studies of i r radia ted 
fuel; however, an examination of an entire c ross section of an i r radiated 
fuel element would be more efficient if both the specimen chamber and 
X-ray detection system were shielded. In response to the need for analyz­
ing reactor fuel specimens, a commercial microprobe^ was developed that 
has the equivalent of 4.3 in, of tungsten shielding around the specimen 
chamber so that a highly irradiated specimen (gamma activity, 50 Ra t 9 in.) 
could be examined safely. 

Although the shielding greatly reduces the gamma-induced scattered 
fluorescent and secondary radiation detected by the proportional counters, 
in practice it is necessary to measure and correct for this background con­
tribution before applying corrections for X-ray absorption, fluorescence, 
and atomic-number effects. This report describes a computer program 
for correcting the X-ray data obtained with a shielded microprobe analyzer 
and for plotting the corrected weight concentrations of the elements. The 
X-ray intensity measurements recorded on the radioactive specimen are 
corrected for irradiation-induced fluorescent radiation, and the corrected 
concentrations of each element are plotted using a plotting subroutine 
adapted by Fernow,^ Corrections for detector dead time, beam-current 
drift. X-ray absorption, characteristic line fluorescence, and atomic-number 
effects are calculated using the MAGIG-II computer code developed by 
Gray, The correction program developed by Gray was selected in prefer­
ence to other published programs^"'* because it performs a detailed calcu­
lation of each correction factor, has a comprehensive list of mass-absorption 
coefficients, and has an advanced method of calculating the background 
correction. For use in the MAGRAM code, Gray's table of mass-absorption 
coefficients was extended by Savage'^ to include elements with atomic 
numbers up to 94, The Microprobe Analysis General Correction for 
RadioActive Materials (MAGRAM) code was developed to quantitatively 
analyze radioactive samples and, in particular, to analyze X-ray data ob­
tained from irradiated reactor fuels and cladding mater ia ls . 

II. CORRECTION PROCEDURES 

The physical basis for quantitative microprobe analysis is a meas ­
urement of the ratio of the number of X-ray photons emitted from the spec­
imen being analyzed (unknown) to the number of photons emitted from a 
standard of known composition under identical instrument conditions. 
During both measurements, the accelerating voltage, beam current , spec­
trometer settings, and counting-time interval are held constant. For quanti­
tative analysis of highly radioactive samples, the measured X-ray intensities 
must be corrected for both experimental e r r o r s (dead time, drift, and 
natural and gamma-induced background)'and X-ray interaction effects 
(atomic-number effect, mass absorption, and fluorescence effects). The 
ratio of the characteristic X-ray intensity of element A from the unknown 



to that of the standard is defined as the "k ra t io" of element A. To establish 
the k rat io , the measured emergent X-ray intensities a re correc ted for 
e r r o r s due to system dead time and instrumental drift and for background 
radiation effects. After these correct ions have been nnade, the k ra t iofor 
each elennent is calculated and used as the first approximation of the mass 
concentration C of each element n in the unknown. Finally, to obtain the 
t rue mass concentration, the k rat io is corrected for a tomic-number effects. 
X- ray absorption effects, and secondary fluorescence excited by other char­
ac te r i s t ic l ines. The usual form of the X- ray interaction correct ion is 

Cn - knkzkakf, (1) 

where 

Cn - true mass concentration of each element in the unknown, 

kn = relative intensity of emergent radiation for each element 
(after correct ion for dead t ime, drift, and background), 

and 

kz, ka. kf - computed correct ion factors for atonnic number, absorp­
tion, and fluorescence effects. 

Since k^, ka. and kf a re dependent on the mass concentration, an 
i terat ive procedure to calculate Cn is used in the MAGRAM code. 

A detailed t reatment of the atonnic nunnber, absorption, and second­
a ry fluorescence correct ion procedures that a re incorporated in the 
MAGRAM code is given by Gray.^ In addition, several excellent reviews*^"*^ 
of the current theory of quantitative e lec t ron-microprobe analysis a r e 
available. The ins t rumental and X-ray correct ions incorporated in the 
MAGRAM code a re briefly discussed in the following sections. 

A. Detector Dead Tinne, Instrunnent Drift, and Background Radiation 

Because of coincidence losses , the microprobe X-ray detection 
system does not count every incident photon. The first operation performed 
on all measured data consists of a correct ion for dead-t ime losses using 
Heinr ich 's method^^ as programmed by Gray.^ During an analysis , the in­
cident electron-beann intensity nnay vary by as nnuch as -2.%; thus a co r r ec ­
tion for instrument drift is required. The MAC-450 microprobe'* has 
provisions for monitoring the incident e lec t ron-beam current on an aper ture 
located above the objective lens. The correct ion for instrument drift is 
nnade by nnonitoring the e lec t ron-beam current and normalizing all intensity 
readings to the sanne beam current . When this correct ion is applied, it is 
assumed that the X-ray intensity is directly proportional to the beam 



current. Experiments performed at ANL have shown that this is a valid 
assumption, provided the variation observed is S3% for a properly aligned 
system. 

The background observed during the analyses of nonradioactive 
samples is primarily due to the continuous X-ray spectrum. In the analyses 
of radioactive materials, an additional correction must be made for the 
background due to the scattered secondary and fluorescent radiation. 
Natesh et al.^ found that the radiation-induced background intensity varied 
with specimen location relative to the X-ray detectors and have described 
a procedure to correct the raw data for this background. The background 
due to the gamma activity of the specimen is measured by turning the elec­
tron beam off and recording the background intensity at the character is t ic 
wavelength of the element being analyzed. While these data are being col­
lected, the spectrometer and pulse-height-analyzer settings are the same 
as those used when measuring the X-ray intensity on the sample. 

In the MAGRAM code, the raw X-ray data are first corrected for 
dead time in the detection system. Following this correction, the back­
ground due to scattered radiation from the radioactive specimen is sub­
tracted. The program then corrects for instrument drift and background 
due to the X-ray continuum. The intensity measurements from the stand­
ards are not corrected for radioactive background since the standards are 
remote from the sample and the background contribution from the radio­
active specimen is negligible. 

The background due to X-ray continuum is the sum of the background 
contributions from all elements present in the unknown sample. Thus, if 
n elements are present, the weighted background contributions from all 
n elements must be added to calculate the total continuum X-ray back­
ground. For example, consider the case in which elements A, B, C, and D 
are present in an unknown. To determine the total background due to the 
continuum, the spectrometer is tuned to the character is t ic wavelength of 
element A, and readings are taken on the B, C, and D standards. Next, 
the element A standard is placed under the electron beam, and the spec­
trometer is detuned by moving b/z fuU-width-at-half-maximum off the peak 
on both sides of the characteristic line peak for element A, and readings 
are taken and averaged. The background due to the continuum for element 
A in the unknown is equal to the weighted background intensity obtained by 
detuning the spectrometer on the standard for element A plus the weighted 
contributions of the A peak intensities obtained on the B, C, and D stand­
ards. The advantage of this method of calculating background is that the 
spectrometer is never detuned while making measurements on the unknown. 
By subtracting the sum of the backgrounds due to the X-ray continuum and 
gamma activity from the observed line intensity, a corrected line intensity 
is obtained. 



B. Atomic-number Correction 

The atomic-number correction is applied to correct for the varia­
tion in efficiency of producing characteristic radiation from the elements 
in both the sample and the standard. The correction factor k^ depends on 
the relative stopping power and the backscattering efficiency of the sample 
and the standard and is calculated from 

R ^ ( Z / A in 1 ,166E/J) 

z - — ( 2 ) 

where 

and 

R ^ A / A A In ( 1 . 1 6 6 E / J A ) ' 

R = backscatter loss factor, 

Z = atomic number, 

A = atonnic weight, 

EQ + Ec 
E = nnean excitation potential = A, 

2 

EQ = electron-beam accelerating voltage, 

Ec = X-ray line-excitation voltage, 

J = ionization potential of the elements 

= 14,0 Z [1,0 - e x p ( - 0 , l Z ) ] + ^ -'d^-

The overscored ternns indicate a weighted average over the composition 
of the sample. 

C. Absorption Correction 

The absorption correction factor ka connpensates for the difference 
in absorption of the characteristic X radiation in the unknown and standard. 
In the absorption correction, both the X-ray absorbing power of the spec-
innen and the depth below the specimen surface at which the X rays are 
produced are considered. The latter factor involves the depth of penetration 
of the electron beam, which depends on the electron-absorption process. 
The X-ray absorption factor given by Philibert^° is 

, , hR(0) \ X ( , ^A ,. 

(.*4)(' l + . J i - i l ^ I , f hR(0) \ XA 
I +h a j \R(oo) + ^ ( 0 ) 

(3 ) 

0 
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X =1—1 cosec 

tL] = mass-absorption coefficient of the ith element for A 
P'^ radiation. 

XA y ^ ( i i ) Cn, where €„ is the weight fraction of the nth 
^—>\p/n element in the unknown. 

9 = X-ray take-off angle (45° for the MAC probe), 

a = electron mass-absorption coefficient 

= 2.54(10^)/(E[,-^-E'c-'), 

h = 4.5A/Z^ 

and 

R( ) = electron backscatter factor, R{0) is taken as 1,1, and 
R(oo) is taken as 4.0. 

The overscored terms indicate a weighted average over the composition of 
the specimen, and the subscripts refer to values for a given element. 

D, Fluorescence Correction 

The fluorescence correction factor kf used in the MAGRAM code for 
fluorescence of element A by B radiation is given by kf = l / l + krA, where 

kfA = 0 , 5 P C B 

(M/P)A 
a = —^ cosec 9, 

X B 

<-l^/p^A A 1 + a 1 + 
—zr In + In 

X B V » 13 

(4) 

P = a constant, the value of which depends upon the X-ray ser ies 
(K, L, M) to which the fluorescing and fluoresced spectral lines 
belong, e,g,, for fluorescence of an L line by a K line P = 2.4, 
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^A ~ S'bsorption jump rat io , the rat io of the nnass-absorption coef­
ficients on either side of the relevant absorption edge, 

and 

cOg = fluorescent yield for elennent B, i .e. , the probability of 
ionized B atoms ennitting an X-ray photon of charac te r i s t i c 
wavelength X^. 

III. PROGRAMMING CONSIDERATIONS 

A. Main Progrann 

The output data fronn the MAC nnicroprobe a re autonnaticallypunched 
on paper tape and a r e then corrected by the nnain MAGRAM progrann for the 
effects discussed in Sec. II. The main program has 860 statements and no 
subroutines, and is stored on magnetic tape. To run this progrann, the 
la rges t option on the IBM-FORTRAN H compiler is used. Core storage 
required is 250K bytes. A connplete listing of the MAGRAM code, including 
the various plotting subroutines, is given in Appendix A. Throughout the 
p rogram, comment statennents have been l iberally inser ted to define the 
calculations in p rocess and to explain the progrann logic. Typical running 
time on the IBM-360/75 required to co r rec t data for three elennents m e a s ­
ured at 100 locations is less than 20 sec. The nnatrix of nnass-absorption 
coefficients and other constants given at the end of the main program 
greatly reduces the nunnber of data input cards . At ANL, the nnainprogrann 
and plotting subroutines a re stored on magnetic tape. This procedure r e ­
duces the nunnber of input cards to a mininnunn. • 

The MAGRAM progrann has been designed to cor rec t input data for 
one to three elennents. Correct ions for an additional element a re calculated 
by difference. Up to 300 data points (three elements each) may be correc ted 
by the main p rogram. By suitable changes in fornnat, raw data for eight 
elements may be corrected. A l ist of symbols used in the main p rogram 
and their comnnon designations a r e given in Appendix B. 

B. Plotting Subroutines 

To obtain concentration plots as a function of specimen position, 
several plotting subroutines were added to the main p rogram. One sub­
routine c rea tes a pr inter plot, which follows the tabular output of the nnain 
progrann. A second subroutine causes CALCOMP graphs of the correc ted 
concentrations to be prepared off line. Both plotting options exist as 
l ib ra ry p rog rams at ANL and would have to be nnodified for use at another 
installation. The present plotting subroutines allow 99 data points (three 
elements each) to be correc ted and plotted. 
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he GRAPHS subroutine, the user indicates whether 
plots are to be generated and, if so, the types desired. GRAPHS also 
calculates weight ratios needed for the weight-ratio plots and stores these 
data and the position data (called RAD for radial position). Either or both 
of the two plotting routines are called by GRAPHS through the use of a tes t 
variable. Additional description of the two plotting routines and the test 
variables is given in Appendix C, 

IV. MAGRAM INPUT AND OUTPUT 

The input for MAGRAM consists of two par ts . One is the internally 
stored data matrix listed at the end of the program (see Appendix A). The 
other part consists of initialization cards that identify the problem and con­
tain the data obtained with the microprobe. This section describes the 
latter part of the input and the entire output. 

The first two cards identify the problenn, identify the person sub­
mitting the problem, and describe the sample; this information appears 
on the printed output. The third card contains information regarding the 
instrument parameters used for the analysis. Included are i tems such as 
the accelerating potential, take-off angle, and detection-system dead time 
for each spectrometer. The fourth and fifth cards contain information 
regarding the elements analyzed and the types of standards used in the anal­
ysis. The remainder of the input data consists of cards listing the meas ­
urements obtained with the microprobe. If graphs are desired, anadditional 
set of cards that lists the position of the analysis must be present . Before 
the plotting routines listed in Appendix A can be run at another computer 
installation, the computer center representative should be consulted. The 
following lists describe the input cards in detail. 

Input Data Format 

^"^"'"•^ Format 

Firs t Card 

1-5 Problem number, or blank Al, 14 (if blank, 
assigned by computer) 

6-7 Blank TY 

8-22 Date of analysis (3A4 A3) 

23-24 Blank 2X 

25-44 Name of person submitting problem 5A4 

Second Card 

1-71 Description of sample 71A1 
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Column 

1-

5-

7-

9-

11-

16-

18-

23-

25-

30-

32-

36-

38-

4 

6 

8 

10 

•15 

-17 

-22 

-24 

-29 

-31 

-35 

-37 

-40 

Third Card 

Accelerat ing voltage, keV 

Blank 

Number of connpound standards (if 
blank, elennental standards assumed) 

Blank 

Counting interval , sec 

Blank 

Density of sannple, g/cc 

Blank 

Fi lm thickness, jj. 

Blank 

X-ray emergence angle, deg 

Blank 

Dead time for elennent 1, fjsec 

41-43 Dead tinne for element 2, jisec 

44-46 Dead tinne for elennent 3, /isec 

Fourth Card 

1-2 F i r s t element analyzed, chemical 
symbol 

3 

4 - 5 

6-7 

8 - 9 

0 

Blank 

F i r s t element analytical line. 
KA, LA, MA 

Blank 

Second element analyzed, chemical 
symbol 

Blank 

Format 

F4 , l 

2X 

12 (number is right 
justified) 

2X 

F5, l (if blank, 1,0 
sec is assumed) 

2X 

F5.2 (may be left 
blank) 

2X 

F5,2 (maybe left 
blank) 

2X 

F4, l (if blank, 
52.5° is assumed) 

2X 

F3.1 (if blank, 
1.0 j:jsec is assumed) 

F3 , l (if blank, 
1,0 fisec is assumed) 

F3 , l (if blank, 
1,0 ^ e c is assumed) 

A2 

IX 

A2 

2X 

A2 

IX 
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A2 

2X 

Format 

Fourth Card (Contd,) 

11-12 Second element analytical line 

13-14 Blank 

15 Repetition of above data for all elements 

If one more element is present in the sample than is analyzed (e,g., 
oxygen), and the concentration of that element is to be determined by 
difference, its chemical symbol is listed last without indicating an analyt­
ical line. Chemical symbols are right justified in their field. Analytical 
lines are indicated as KA, LA, MA, or MB f o r J £ ^ p h a J ^ p h a _ J ^ £ ^ p h a ^ 
or M beta, A typical sequence is given as: NB-LA-- Zr -LA N-KA O, 
where the dashes indicate blanks. 

Column F°'^'^^t 

Fifth Card 

1-2 Number of the element in the list on the 12 (right justified) 
fourth card to which compound standard 
applies 

3-7 Standard name A5 (left justified) 

8-13 Weight fraction of element in binary- F6,4 
compound standard 

14-15 Chemical symbol of other element in A2 (right justified) 
compound standard 

A separate card is required for each element for which a binary-compound 
standard is used. The total number of cards required is equal to the 
"number of compound standards" listed on the second card. 

Data fronn Standards 

Column Format 

F i r s t Card 

1-2 Number of observations on the standard 12 

Other Cards 

1-2 Blank 2X 

3-7 Beam current F5.0 

8-13 Blank * 6X 

14-18 Standard counts F5.0 
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The above cycle is repeated for each element listed on the fourth card, in 
the order of listing. The total number of sets of standard data must equal 
the total number of elements analyzed. 

Background Data from the F i r s t Standard 

Column Format 

F i r s t Card 

1-2 Number of background observations 12 (right justified) 

taken on f irst standard 

Other Cards 

1-2 Blank 2X 

3-7 Beam current F5.0 

8-13 Blank 6X 

14-18 Background taken on first standard; F5.0 
spectrometer detuned 

19-24 Blank 6X 

25-29 Background taken on first standard; F5,0 
spect rometer tuned to second 
analytical line 

30-35 Blank 6X 

36-40 Background taken on first standard; F5,0 
spect rometer tuned to third 
analytical line % 

The number of background data cards must equal the number of observa­
tions of background on the first standard. 

Background Data from the Second Standard 

Column Format 

F i r s t Card 

1-2 Number of background observations 12 (right justified) 
taken on second standard 

Other Cards 

1-2 Blank 2X 

3-7 Beam current F5.0 

8-13 Blank 6X 

14-18 Background taken on second standard; F5,0 
spect rometer tuned 
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Format 

Other Cards (Contd.) 

19-24 Blank 6X 
25-29 Background taken on second standard; F5.0 

spectrometer detuned 

30-35 Blank 6X 

36-40 Background taken on second standard; F5.0 
spectrometer tuned 

The number of background data cards must equal the number of observations 
of background on the second standard. The above sequence is repeated for 
data taken on each standard to determine contributions to other analytical 
lines. The total number of sets of background data must be equal to the 
total number of elements analyzed. 

Radioactive-decay Data Format 
(Electron beam turned off) 

Column Format 

1-13 Blank 13X 

14-18 Decays in counting time interval from F5,0 
first element analyzed 

19-24 Blank 6X 

25-29 Decays in counting time interval from F5.0 

second element analyzed 

30-35 Blank 6X 

36-40 Decays in counting time interval from F5.0 
third element analyzed 

Sample Data Format 
1-2 Blank 

3-7 Beam current 

8-13 Blank 

14-18 Counts for first element F5.0 

19-24 Blank ^ ^ 

25-29 Counts for second element F5.0 

30-35 Blank • ^X 

36-40 Counts for third element F5.0 

2X 

F5.0 

6X 



17 

This card is repeated for each observation. A maximum of 100 observa­
tions a re permited. 

Tra i le r Card 

After the last analysis in a problem, a t ra i le r card containing 
routing information is required. 

Column Format 

3-7 99998 is inser ted if data for a new F5.0 
problem follow 

99999 is inser ted if no new problenn 
follows 

Graph-options Card 

The f irst five columns of the card a re used to designate the data to 
be plotted. 

Colunan Plot Requested 

1 U versus radius, wt % (U, Pu, and 
(U + Pu) versus radius, wt %) * 

2 Pu versus radius, wt % 

3 (U + Pu) versus radius, wt % 

4 Weight ratio Pu/U versus radius 

5 Weight ratio Pu/(U ^ Pu) versus radius 

The type of graph desired (printer plot or CALCOMP) is indicated 
by insert ing code numbers 1-5 in columns 1-5. 

Code Nunnber Graph Option 

1 No graph 

2 Pr in te r plot only 

3 CALCOMP graph only 

4 P r in t e r plot and CALCOMP graph 

5 ( U s e d on ly in c o l u m n 1) A C A L C O M P 
g r a p h of U, P u , and (U + P u ) , wt % 
v e r s u s r a d i u s , and a C A L C O M P and p r i n t e r 
p lo t of U wt % v e r s u s r a d i u s 

•A CALCOMP graph of the three functions on a single plot is produced only when 5 is used in column 1. 
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For example, a card with 52311 in the first five columns would r e ­
quest three separate CALCOMP graphs (the three weight percents versus 
radius, uranium versus radius, and (U + Pu) versus radius) and pr in ter 
plots of uranium versus radius and plutonium versus radius. 

The printer plot produces a maximum of two separate graphs If 
the plots corresponding to columns 1, 2, and 3 are called, they will all 
appear on a single printer plot. If the plots corresponding to columns 
4 and 5 are called, they will both be printed on a second graph. 

The CALCOMP routine generates a maximum of six graphs. Each 
plot corresponding to columns 1-5 is prepared on a separate graph. A 
sixth CALCOMP graph containing three plots is obtained by using the num­
ber 5 in column 1 of the graph options card. 

Radial-distance Card 

One radial distance card (radii measured in mils) must be supplied 
for each observation if graphs are desired. 

Column Format 

1-10 Radius FIO.O 

Either right-justify the numbers to column 10, or code with a 
decimal point. 

End Trailer Card 

After the radial distance card for the last observation, a t ra i le r 
card with 0.000 in the first five columns must be inserted in the deck. 

A sample listing of the input and output cards for the MAGRAM 
code is given in Appendix D. Explanatory notes have been added to clarify 
possible points of confusion. The output contains a listing of the con­
stants used in the correction process . These include the atomic num­
bers of the elements analyzed, absorption-edge wavelengths, m a s s -
absorption coefficients, and backscatter factors. The standard intensities 
given are averages based on the input data and have been normalized to a 
constant incident-beam current, which is also listed. At ANL, the aperture 
current is monitored continuously and is assumed to be proportional to the 
beam current. The output listing also contains the continuum-background 
radiation matrix. In the example shown, the effect of interference from 
UM-y on PuMo is apparent. This interference, which is a function of the 
uranium concentration at the point being analyzed, is automatically cor­
rected by the program. The X-ray intensity measurements , corrected for 
detector dead time and normalized to a constant beam current , appear in 
tabular form in the output. The K ratios for each element at each point 
are also listed. If compound standards are used, a note to that effect is 
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printed. The instrument data, the peak-to-background rat ios for each 
element, and the computed minimum detectability limits a re listed. The 
cor rec ted concentrat ions, in ternns of weight and atonnic percents , a re 
listed in the final output table. The depth of the region analyzed ( inmicrons) 
is also included in the output. As the program is being run, a magnetic 
tape is generated containing all the data necessary to prepare CALCOMP 
plots, which a re then prepared off line. 

The pr inter plots, which a re generated along with the computer out­
put, give a good f irst approximation of concentration as a function of dis­
tance. Points a r e placed on the graph by nneans of a truncation method 
with a "resolut ion" of about 2 wt % on the ordinate and 1.25 mils on the 
absc issa . Weight percents of uranium, plutonium, and the sum of uranium 
and plutonium are plotted as a function of radial position. An additional 
pr inter graph contains plots of the weight rat ios of plutonium-to-uraniunn, 
and plutonium-to-uraniunn-plus-plutonium. The CALCOMP graphs more 
accurately plot the same data, since the data points a re positioned more 
accurately and the CALCOMP subroutine selects the scale range based 
upon the range of values plotted. Thus, if five separate CALCOMP graphs 
a r e prepared, each may have a different scale depending on the range of 
values plotted. Sample CALCOMP graphs of the uranium and plutoniunn 
distribution in a nnixed-oxide fuel elennent a r e shown in Figs . 1 and 2. 

' 1 1 1 1 1 

j r f F URANIUM + PLUTONIUM 
_ a , i « ^ 

O URANIUM 

^ ^ ® 0 PLUTONIUM 

1 1 1 1 1 

-

_ 

-

-

-

DISTANCE FROM FUEL CENTERUNE. mils 

Fig. 1 

Corrected Uranium, Plutoniunn, and Uranium-plus-
Plutonium Concentrations as a Function of Radial 
Distance from the Fuel Centerline. Fuel is UO2-
20 wt % Pu02 irradiated in EBR-II to2.8 at. % burn-
up at a linear power rating of 17 kW/ft. Neg. 
No. MSD-53993. 

1 1 1 1 1 
PLUTONIUM 
URANIUM 

^ 1 ^ PLUTONIUM 
\ URANIUM + PLUTONIUM 

1 i 1 1 1 

DISTANCE FROM FUEL CENTERLINE, mils 

Fig. 2 

Corrected Weight Ratios of Plutonium-to-Uranium 
and Plutonium-to-Uranium-plus-Plutonium as a 
Function ofRadial Distance from the Fuel Center-
line. Same mixed-oxide fuel element described in 
Fig. 1. Neg. No. MSD-53992. 
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A P P E N D I X A 

Lis t ing of the MAGRAM Code 

m i « «GR * H P RQCRtM 

HtGRAM; MICROPROBE tNALtSIS GENERAL INTENSITY CORRECTION FOR R « O I O -
ACTltfE MATERIALS 

PROGRAM CORRECTS RA« MICROPROBE X-RAT INTENSITY DATA FOR DEAO-
TIME LOSSES (FIXED-TIME OR FIXE 0-COUNTI . BACKGROUND AS A 
FUNCTION n£ COMPOSITION. ABSORPTION < DIINfUMB-SHI Fl ITS-PH I I IBFRT ) . 
CHARACTERISTIC LINE FLUORESCENCE (REEOI . ATOMIC NUMBER EFFECTS 
(OUNCUMB-DUNCUMB S DA CASA) . ANO INSTRUMENT DRIFT .BASED ON BEAM 
CURRENT. ALL PARAMETERS ARE STORFO OR fAI CUI A<TED I N T F R N A I I Y . 
AS MANY AS 3 ELEMENTS (AND ONE BY DIFFERENCE! HAY BE ANALYZED. 

MAGRAMJS_A_MOOJ^ICATION OF THE IINIVFRSITY OF I I I I H n i S MAGIC 11 PROGRAM 
IT ALSO CORRECTS FOR RADIATION BACKGROUND OF HOT SAMPLES ANO ADDS PRINTER 
PLOT ANO CALCOMP GRAPHING OPTIONS. 

COMMON MPC(9 .3 00),MART(5 ) , AA A(10 2 ) ,P TI TL 1*00 ) . BBBtSOOl .CNAM(40) 
REAL LIMJIULJ 
DIMENSION AVR(8) .ROEV<BI 
DIMENSION AVMP(9).AVAP<9 ) 
DIMENSION HP0EV(9) ,APDE_1M.?J 
DIMENSION CI ( 8 1 . AT0M(9» 
DIMENSION CO(8 ) .C3(8» 
DI MENS 10 N SR (8J .FAI ( 8 ) 
DIMENSION SRS0(8) ,ACAL(8 I 
DIMENSION EC ( 9 ) , E ( 8 i 
D I ME NSIQJI Z( 9 ) iA(9J 
DIMENSION VAL(8) .S IGMA(SI 
DIMENSION H S ( 8 I . U S I 8 1 
DI ME NS l a N FS(8 ) J i i t ? J 
DIMENSION R ( 9 I , F A C T ( 8 I 
DIMENSION E L ( 9 I . A P ( 9 ) 
DIMENSiaN_MP_L9LiSAP(il 
DIMENSION SUP(9I ,SAPS0(9 ) 
DIMENSION SUPSQI9) ,SS1(8) 
QJ ME NSULN Rl N l iSJ 
DIMENSION ASKS) ,ABG0(8) 
DIMENSION XI ( 8 1 . S I (81 
DIMENSJQN X ( 9LtPEAt( a i 
DIMENSION MPEAK(8).UAL(8 ) 
DIMENSION NAB(3) ,L INE<9I 
DIMENSION EL0(8>fSTD(8 .? ) 
DIMENSION U(9 ) , T I T L E ( 7 I ) 
DIMENSION DATE(4),NANE(5 ) 
DIMENSION I 0 n P ( 3 0 n ) . F n G F I 9 l 
DIMENSION WAVE(9I ,MH(4I 
DIMENSION ABEr i26 I .ALPHA(8 l 
D_l ME NS ID HE LQl C a i . T A I I I B I 
DIMENSION TAUM(8).AJR«9) 
DIMENSION FYR(9 ) ,PF (3» 
DIMENSION BCS1IM(«). STQSimiS-L 
DIMENSION BCAVG(8). 8KGB(8) 
DIMENSION X X I ( 8 ) , BEAMOOO) 
OIM£NSlflN BC(B._S3Li_SlDJ_(a.,9 4 i _ 
DIMENSION BKSUM(8.8) . A B K I 8 . 8 I 
DIMENSION B K ( 8 . 9 9 , 8 I 
DIMENSION A C ( 8 . 9 ) . B ( 8 . 9 I 
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DIMENSION R O U T ( a . 3 0 0 I . P ( 1 0 0 . 3 6 > 
D IMENSION N X K S . 3 0 0 1 , N S I ( 8 . 3 0 0 ) 
D IMENSION A P C ( 9 . 3 0 0 ) , D E C A Y < 3 0 0 ) 

C 

c 
C I N I T I A L I Z A T I O N ANO INPUT OF BAS I C P AR AMETERS 
C 
C 

RE AD ( 1 . 8 11 ( ( P ( l . J ) , J = l . 11 ) . 1 ^ 1 . 1 0 0 ) 
8 1 FORMAT ( F 7 . 3 . A 3 . 3 F 6 . 3 . 6 F 7 . 3 ) 

READ ( 1 . 8 2 ) ( ( P d , J ) , J=12 , 2 2 ) . 1 = 1 , 1 0 0 ) 
8 2 FORMAT ( 7 F 7 . 3 , 4 F 5 . 3 ) 

R E A 0 ( 1 , T ) ( ( P ( l . J ) . J = 2 3 . 2 9 I . 1 = 1 . 1 0 0 ) 
7 FORMAT ( F i . 3 , * F 7 . 3 , F 1 0 . 3 . 5 X . E U . " 8 ) 

R E A 0 ( 1 , 8 ) ( ( P ( I , J I , J = 3 0 , 3 4 ) . I = 1 . 1 0 0 ) 
8 FORMAT ( 5 E 1 4 . 8 ) 

R E A O d . S > ( M H ( I ) , I = 1 , 4 ) 
5 FORMAT ( t A 2 ) 

R E A 0 ( 1 , 5 3 0 ) S T 2 . L T 2 
"530 FORMAT ( A 3 , A 2 ) 

R E A O d . S O O ) (A8ET( I ) , I = 1 , 2 & ) 
5 0 0 FORMAT ( 26A1 ) 

R E A D d , S 0 1 ) PRF)i,NMBR 
5 0 1 FORMAT ( A l , l 4 ) 

RE AD d , 2 8 0 ! ( P T I T L ( K ) . K = 1 , 4 0 0 ! 
280 F 0 R H A T I 8 0 A 1 ) 

R E A O d , 2 8 1 ! (CNAM( 1 1 . 1 = 1 . 4 0 ) 
2 8 1 F 0 R M A I ( 2 0A4 ! 

i f " 
C 
C INPUT PROBLEM DATA 

c 
C 

1 READ 2 , I ^ « G , N P R ^ 8 , D A T E . N A M E 
2 F 0 R M A T ( A 1 . 1 4 , 2 « , 3 A 4 , A l . 2 X , 5 A * I 

READ 2 2 2 , T I T L E 
222 F 0 R M A T ( 7 1 » 1 ) 

READ 8 8 . E O . N B . T I N E , R H O , r i , T H E T A , TAKItl 
8 8 FORMAT I F 4 . 1 . 2 X , I 2 . 2 X . F 5 . 1 . 2 X . 2 ( F 5 . 2 , 2 X I . F 4 . 1 . 2 X . 8 F 3 . 1 ) 

READ 6 . ( E L d ) , L L N E ( I ! . ! = ^ L , 9 J 
6 FORMAT ( 9 ( A 3 , A 2 . 2 X ) ) . 

DETERMINE NUNBER OF ELEMENTS I N SYSTEM, AND NUNBER ANALYZED 

00 5 0 9 1 = 1 , 9 
IF ( E L ( I ! . E a . S T 2 ! GO TO 5 1 8 
IF ( L I N E ( I )5^Eg.LT2 ) C a L Q _ 5 l O 

5 0 9 CONTINUE 
5 1 8 N E L = 1 - 1 

N A = I - l 
CO TO 5 1 r 

5 1 0 NEL= I 
N A = I - 1 

ASSIGN PROBLEM NUMBER. 

5 1 1 IF ( N P R O B . N E . O ) GO TO 5 0 2 
NMBR=NM8R>1 
IF (NM8R . L E . 9 9 9 9 ) CO TO 504 
00 5 0 6 L = 1 . 2 5 
IF j A B E T ( L ! . EQ.PRFXI CD TO 5_07__ 

5 0 6 CONTINUE 
5 0 7 P R F X = A B E T ( L . 1 I 
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TAC=PRF« 
502 PRINT 615 ,TAG, NPROB. DATE 

C 

C CHECK FOR X-RAY EMERGENCE ANGLE. 'IB NONE. FURNISHEIL._ASSJJM. 5 2 . 5 _ 

C DEGREES 
C 
C 

IF (THETA.EQ.O.) THETA = 52.5 
CSC= 1./S 11«( THETA* 3.14159/180.) 

C - - -

C DETERMINE OR CALCULATE, FOR EACH ELEMENT ANALYZED, ALL PARAMETERS 
C NECESSARY FOR CORRECTIONS 
C 
C 

PRINT 2 0 0 0 
2000 FORMAT ( / /4X.THELEMENT, 3X,7MAT. NO. . 5X ,THAT. M T . . 4 X . 2HPF,7X.4HED GE 

1,6X,2HEC ,7X ,4HUAVE,SX . IHU.8X ,1HR/ ) 
00 95 K=1.NA . _- _ 
DO 102 I = 1 , 1 0 0 
IF ( P ( I , 2 ) . E 0 . E L ( K ) ! CO TO 103 

102 CONTINUE _ . 

DETERHINE ATOMIC NUMBER AND ATOMIC ICIGHTt AN D CAiCJiL ALE 
FACTOR FOR ATOMIC NUMBER CORRECTION 

103 Z(KI=I 
A ( K ! = P ( I ,11 
PF(K) = Z( K)»( 1 4 . « ( 1 . - E X P ( - . 1»Z(K) ) )*7i .SfiUnif '±ZllLiJJ^S IL-ZiX.} / i . 

1 100.<'Z(K ! l l 
NL=3 

DETERMINE ANALYTI CAL. LI NE ABSORPTIiON EDGE, CRITICAL EXCITATION 
POTENTIAL AND WAVELENGTH. AND CALCULATE O^EKVilLTJlGEL 

DO 4 H = l ,Z 
IF (L INE(K! .E0 .MM(M11 GO TO 3 

4 NL=NL*1 
EDGE(K!=P( I , 17 ! 
GO TO 96 

3 EDGE(K!=P( I , 3»NL! 
96 EC (K! = P( I.NL ) 

IF (L INE( K).E0.MM(4 ! ! CO TO 7 77 
HAVE(K!=P( I , NL*3! 
GO TO 77 8 

777 MAVE(K 1= P( l , N L - 2 ) 
T7B U(K!=EO/eC(KI 

IF (U(K) . G T . 2 0 . ) U ( K ! = 2 0 . 
R ( K ) = 0 . '"' '—^ • ' 
KK = 34 ' "" 

DETERMINE OI/ERVOLTAGE DEPENDENT BACKSCATTER LOSS FACTOR 

DO 107 J = l , 6 • 
R(KI=U(K )»R( K l . P d ,KK) 

107 KK=KK-1 
PRINT 2 0 0 I , E L ( K ) , I .A( K ! , P F ( K ) ,E I )GE(K) .EC(K I , U A V E ( K ! , U ( K ) , R ( K ) 

2 001 FORMAT ( 6X , A 3, 7X, I 2 , 6X.F 8. 3 , 2X,F 8 . J-. 2X . F 7 . 3 , 3X . F 5 . 3. 3X. F 7. 3 , 3X, F 5 
I . 2 , 3 X , F 8 . 6 ) 



23 

9 5 CONTINUE 
I F ( N E L . E Q . N A ) GO TO 98 

I F AN ELEMENT I S TO BE DETERMINED BY DIFFERENCE, DETERMINE EXTRA 
ELEMENT ATOMIC NUMBER. ATOMIC U E I G H T . CHAR ACT E R I S T I C L I NE_ fcLEMENI A I O H I C NUMBER. ATOMIC W t l G H I , LHAK ALI t K I b M L L I N t _ _ _ 
ABSORPTION EDGE, C R I T I C A L E X C I T A T I O N POTENTIAL AND UAVELENGTH. 
ANO CALCULATE OVERVOLTAGE ANO BACKSCATTER LOSS FACTOR 

DO 104 1 = 1 . 1 0 0 
IF ( P d , 2 ) . E Q . E L ( N E L ) ) GO TO 105 _ 

1 0 4 CONTINUE 
1 0 5 Z 1 N E L ! = I 

A ( N E L ) = P d . l ! _ _ _ 
NL = 3 
DO 100 J = 1 . 2 
I F ( Z ( N E L ! .CE . 8 1 . A N D . N L . E 0 . 3 ) CO TO 100 
IF ( P d , N L ) . L T . E b ) CO TO 9 9 

1 0 0 N L = N L * 1 
EDCE(NEL )=P( I , 1 7 ! _ 
GO TO 10 1 

9 9 EDGEINEL l=P( I . 3 .NL I 
101 E C ( N E L ! = P d , NL! _ . _ 

UA«E(NEL )=P( I , N L * 3 ! 
L I N E ( N E L ! = M M ( N L - 2 ) 
U( NELI=EO/EC ( N E L ! 
IF (U( N E L ! . G T . 2 0 . ! U ( N E L ! = 2 0 . 
R< N E L ! = 0 . 
KK=34 _ _ . -. - - . 
DO 108 J = l , 6 
R ( N E L ) = U ( N E L I . R I N E L ) > P ( I , K K ! 

1 0 8 KK=KK-1 . -
PF (NEL 1 = 0 . 
PRINT 2 0 0 1 . E L ( N E L ! , I , A ( N E L ) . P F ( N E L ) , E D G E ( N E L ) . E C ( N E L ! . H A V E ( NE 

I L I . U ( N E L ! . R ( NEL! 

CALCULATE ABSORPTION C O E F F I C I E N T MATRIX 

% 
9 8 DO 200 1 = 1 , N E L 

DO 2 00 J = 1 , N E L 
N 2 = Z ( J ) 
F = 1 . 0 
DO 202 M = 9 , 1 8 
IF (UA«E ( I I . L T . P ( N 2 , M) !CD TO 203 

2 0 2 CONTINUE 
CON=P( N2 , 2 8 ! 
E X = P ( N 2 , 2 3 ! 
GO TO 2 0 1 

2 0 3 I N T E R 6 M - 3 
GOTO ( 2 0 4 , 2 0 5 , 2 0 6 , 2 0 7 , 2 0 8 , 2 0 9 , 2 1 0 . 2 1 1 . 2 1 2 , 2 1 3 !,INTER 

2 0 4 C 0 N = P ( N 2 . 2 4 ) 
E X = P ( N 2 , 191 
GO TO 20 1 

205 C 0 N = P ( N 2 . 2 5 ) 
E X = P ( N Z . 2 0 ) 
GO TO 20 1 

206 F = 0 . 9 6 1 
GO TO 20 5 

207 F=C.917 
CO TO 20 5 

2 0 8 CON=P(NZ , 2 6 1 
E X = P ( N Z . Z l l 
GO TO 20 1 

2 0 9 F = 0 . 9 8 4 
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211 F=0.946 
GO TO 20 8 

212 F=0.894 
GO TO 20 8 

213 CON=P(NZ,27! 
EX=P(NZ,221 

CALCULATE ABSORPTION COEFFICIENT OF ELEMENT J FOR I RADIATION 

201 A C d . J!= (CON.HAVEI I ! " E X ! . » F 
200 CONTINUE 

PRINT 52 
IF ( N A . L E . 3 ! GO TO 206^ 
PRINT 6 4 8 , ( E L d ! , L I N E ( I ) . 1=1.NA! 
PRINT 64 6 
00 205 0 J = l . NEL 
PRINT 66 8, E L ( J ! , (AC( I , J ! . I =1.N A! 

2 050 CONTINUE 
GO TO 20 65 

2060 PRINT 6 4 7 , ( E L d ! . L INE ( I ) , I = l .N A ) 
PRINT 545 
DO 2 055 J = l , NEL 
PRINT 5 6 7 . E L ( J ) , (AC( I . J ! , I =1.N A ! 

2065 CONTINUE 

CALCULATE COMMON EXPRESSIONS 

00 30 1= 1,NEL 
30 US( I 1=Z( l ) / A d ! - — 

PRINT 2002 
2002 FORMAT ( / / 1 3X , 2 HUS, 8X, 1 HE . 8 X ,3H VAL , 7X . 5HS IGMA:, 6X . 2H HS , 8 X ,2HUS , 8 X , 

12HFS,7X,4HFACT/! . -
DO 1 1 1= I . N A 
ALPHAd! = 1 . 
E( I 1 = (EC ( I ! * E 0 ) / 2 . 
V A L I I ) = 7 . 0 5 1 • A L O G ( E ( I ! ) 
SIGMAd ) =2.5 4E»05 / (E0»» I . 5 - E C ( I ! • * : . 5) 
HSd 1=4. 5»A( I ! / ( Z ( I ! « Z ( I ) ) 
U S d ) = 1 . tCSC'ACI I , I ! /S IGMAd ! 
F S d ! = ( ( l . * H S ( I ! ) . ( 1 . * 1 . l . H S d ) / ( 4 . * 1 . 1»HS( I ) ) 'CSC-ACC I . D / S I G M A d 

1 ! ! I / (US( l ! » ( l . *HS( I ! .US( 1) )) 
FACTd != F S d ! » R d l / ( K S ( I )»(VAL( I )-ALOG(PF( I ) ! l ) 

2003 FORMAT ( 6X, A3 ,1X , F7 . 4 , 3 X , F7 . 4, 3 X, F7 . 4 , 3X, F8 . 2 .2X, F7 . 4 ,3 X, , F 7 . 4 , 3 X, 

I ) . E ( I ) , V AL ( I )> S IG MA ( I ! , HS ( I I . US ( I I , FS ( I ) I FA CI 

1 F 7 , 4 , 3 X . F 8 . 5 ) 
11 PRINT 2003 ,EL( l ! ,MS( 

1 ( I I 
DO 900 1 = 1 . 9 
FYR( I ! = 0 . 
A J R ( I ! = 0 . 
DO 900 J = l , 8 

»00 B ( J , I ! = 0 . 

CALCULATE P HI LI BERT-LEN ARO ELECTRON STOPPING POHER 

ESP=.259 49E<-05-E0» ( . 2464 0E*0 4-EU • ( . 101 64E+0 3-E 0» ( . 20 072E • 0 1 - E 0 » 
1 .154 47E- 01 ) ! ) 

PRINT 2004,ESP 
2004 FORMAT ( / / 4 X , 6 H E S P = . E 1 4 . 8 / / ! 
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CHECK FOR FLUORESCENCE AND CALCULATE APPROPRIATE FL UORE SCENC|._ _ 
Y IELDS ANO ABSORPTION JUMP RATIOS 

DO 8 7 8 K = 1 , N E L 
N= 2<K) 

IF ( ( L I N E ( K ) . E 0 . M M ( 3 ) ) . O R . (L I N E ( K ) . E Q . M M ( 4 ) ) ) G O T O 8 7 8 
IF ( L I N E ( K > . E O , M M ( 1 ) 1 CO TO 876 

A J R ( K ) = P ( N , 2 5 ) > P ( N , 1 0 ) . . P ( N , 2 0 ) / ( P ( N . 2 5 ) . P ( N . 1 2 ) » » P ( N , 2 1 l ) 
0 = - . 1110 5 5 » Z ( K ) M . 0 1 3 6 a O - Z ( K I . Z ( K ) . . 2 1 7 7 2 C E - 0 6 I 
GO TO 87 9 

876 A J R ( K ) = P ( N , 2 4 ) > P ( N , 9 ) « . P ( N . 1 9 ) / ( P ( N , 2 5 ) » P ( N , 9 ) . « P ( » . 2 0 1) 
D = - . 0 3 7 9 4 8 » Z ( K ) . ( . 0 3 4 2 5 6 - Z ( K ) . 2 ( K ) > . 1 1 6 3 4 2 E - 0 5 ! 

879 D = D « D . D > D 
F Y R ( K ) = 0 / d . • D l 

8 7 8 CONT INUE 
DO 873 K = 1 . N A 
IF ( ( L I N E ( K ) . E 0 . M M ( 3 I I . O R . (L INE< Kl . E Q . H M ( 4 I I I G O T O 87 3 
DO 852 I = 1 , N E L 
IF I ( E 0 G E ( K 1 . L E . U A V E d l ) .OR. ( L I N E C k l - E O . M M d l ! I CO TO 85 2 
IF ( ( E D G E ( K I . L E . U A V E d I ) . O R . ( L l N E d I .E O . M M ( 4 ) l I CO TO 85 2 
IF ( L I N E ( I I . E O . L I N E ( K ) ) GO T 0 8 5 5 
IF ( L INE ( I I . EQ.MHI 1 ! I GO TO 859 
GO TO 86 0 

855 F F = . 5 
GO TO 8 5 6 

8 5 9 F F = . 2 I 
GO 1 0 8 5 6 

860 F F = 1 . 2 
8 5 5 FY = FYR( I I 

RJ=AJR(K I 

CALCULATE FACTOR FOR FLUORESCENCE CORRECTION 

B ( K . I I = F F . F Y . ( R J - l . ) . A ( K I « A C ( l , K I / < R J . A d ) ! . ( ( U ( I I - l . ) / ( U ( K I - l . ) ) » 
1 « 1 . 5 7 

PRINT 20 0 5 . E L d I , E L ( K ) , B ( K , I I 
2 0 0 5 FORMAT ( 4X .24HFLU0RESC ENCE FACTOR FOR , A 3 , 1 3 H FLUORESCING , A 3 . 3 H 

1 IS , F 9 . 6 I * 

85 2 CONTINUE 
8 7 3 CONTINUE 

DO 901 I =1.8 
S A P ( " l l = 0 . 
SUP( 11=0 . 
S A P S Q ( I ! = C . 
S U P S Q ( I ) = C . 
SSK I 1=0 . 
S R ( l l = 0 . 

9 0 1 S R S Q d ) = 0 . 
S A P ( 9 1 = 0 . 
S A P S 0 ( 9 ) = 0 . 
S H P ( 9 ) = 0 . 
S « P S Q ( 9 I = 0 . 

I F COMPOUND STANDARDS ARE USED INSTEAD OF PURE ELEMENTAL 
STANDARDS, INPUT NECESSARY DATA AND CALCULATE APPROPRIATE 
PARAMETERS TO CORRECT STANDARD DATA USING THE SAME GENERAL 
METHODS OUTLINED 

IF ( N B . E Q.OI CO TO 5 3 
DO 6 0 3 K = 1 , N B 
READ 1 3 . I C . S T D ( K , 1 I . S I D I K, 21 , C S . E L 2 
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6 .4 .A3 ) 

J GO 10 109 
106 CONTINUE 

C , . . . . . . „ . 
c 
C DETERMINE ATOMIC NUMBER AND ATOMIC UEIGHT OF SECOND ELEMENT IN 
C COMPOUND STANDARD 
C 
C 

1 0 9 Z2 = I 
A2=P(1 .1 ! 
NL=3 

DO n o J =1,2 
IF (1 .GE .81 .AND.NL.GT.3 ) GO TO 110 
IF ( P d . NL! . L I .EOl GO IQ 94 

n o NL=NL-H 
94 EC2 = P ( I , NL! 

U2 = E0/EC2 __ 
IF ( U2.GT.20 .1 U2=20. 
R2 = 0 . 
KK=34 
DO 112 J = 1 , 5 
R2=U2 'R2*P( I ,KK) 

1 1 2 K K = K K - 1 _ 
C 
C " "-

C CALCULATE SECOND ELEMENT ABSORPTION COEFFICIENT 

C 
F=1 .0 
DO 302 M=9.18 
IF (HAVE ( I D ! . L T . P d . M I ) CO TO 30 3 
CON= P ( I , 2 8 ! 

302 CONTINUE 
EX= P ( I , 2 3 ) 
GO TO 30 1 

303 INTER=M-8 
GO TO < 3 0 4 . 3 0 5 . 3 0 6 , 3 0 7 , 3 0 8 , 3 0 9 . 3 1 0 . 3 1 1 . 3 1 2 , 3 1 3 ) , INTER 

30 4 CON= P ( I , 2 4 ) 
E X = P ( I , 1 9 ) 
GO TO 30 1 

305 CON=P( I , 25) 
E X = P d , 2 0 ) 
GO TO 30 1 -

306 F=0 .951 
GO TO 305 

307 F=0 .917 
GO TO 305 

308 CON=Pd, 26) 
E X = P d , 2 1 ) 
GO TO 30 1 

309 F=0.984 
GO TO 30 8 - -

310 F = 0 .972 
GO TO 30 8 

311 F=0.946 
GO TO 30 8 

312 F=0.894 
GO TD 30 8 

31 3 CON=Pd, 27 ! 
E X = P d , 2 2 1 

301 AC2=(C0N.WAVE( ID)» .EX». .F 
C2 = I .-CS 
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U A 8 = C S . l ( S ( ID ! ^ C 2 » Z 2 / A 2 

CALCULATE OTHER PARAMETERS FOR COMPOUNO STANDARD 

ZAB=CS»Z ( I D ! * C 2 « 2 2 
P F A B = Z A B » ( 1 4 . . ( 1 . - E X P ( - . 1 > 2 A & ! ! • 7 5 . 5 / ( Z « B > « I Z A B / 7 . 5 1 ) - Z A B / ( 1 0 Q . ^ 

I Z A B I I 
R A B = C S . R ( I D 1 ^ C 2 > R 2 
A C A B = C S « A C ( I D , I D 1 ^ C 2 > A C 2 
U A B = 1 . • C S C > A C A B / S I G M A ( I D I 
H A 8 = 4 . 5 / ( Z A B . U A B ) 
FAB= ( 1 1 . • M A B ) » ( l . ^ l . l » H « B / ( 4 . • I , l . H A B ) «CSC>ACA B /S ICH A( ID ! ) ) / ( U A B • ( 

l l . ^ H A B > U A B I I 
A L P H A d D l = C S . F A B « R A B / ( F A C T ( I O I « M AB«( VA L d O ! - A L OG(PFA B) I ! 

6 0 3 E L O ( K ! = E L d O I 
C 
C 
C CHECK FOR TYPE OF DATA ( F I X E O - T I M E OR F I X E O - C O U N T I AND 
C ESTABLISH DEAD-T IME CORRECTION 
C 
C 

S3 IF ( T A G . E a . A B E T ( 2 6 I ! GO TO 3 31 
IF ( T I M E . E O . O . I T I M E = 1 . 
DO 1 0 J= I . N A 
IF ( TAUM ( J I . E O . O . ! TAUM(J) = 1 . 

10 T A U ( J ) = l . C E - 0 6 ' T A U M ( J » 

READ BEAM CURRENTS AND STANDARD I N T E N S I T I E S 

DO 5 0 0 5 J = 1 , N A 
B C S U M ( J I = C . 
STDSUM(J 1 = 0 . 
READ 5 0 0 2 , N 

5 0 0 2 FORMAT ( 1 2 ) _ -_ 
NN = N 
DO 5 0 0 3 K = 1 . N 
RE AO 5 0 0 4,BC ( J . K ) , S T D I ( J , K ) . 

5 0 0 4 F0RHAT(4 <2X. F 5 . 0 , 4 X I I • 
I F ( BC( J . K ) . EO.O. ) B C ( J . K I = 1 . 
BCSUM(J) =8CSUM< J ) ^ B C ( J .K ) 

O E A D I I M E CORRECT STANDARD I N T E N S I ' T I E S ANO AVERAGE D R I F T 
CORRECTED I N T E N S I T I E S 

S T O I ( J , K ) = S T D I ( J , K ! » I I H E / ( T I M E - T A U ( J ) » S T D I I J , K 11 
5 00 3 STDSUM(J ) = S T D S U M ( J ) * S T O I ( J . K I 

B C A V C ( J I = B C S U M ( J I / N N 
IF ( J . E O . l l 6CREF=BCAVC( 1 ! 
S I ( J )=STDSUM( J I / N N « B C R E F / B C A V C ( J I 

5 0 0 5 A S K J ! = S K J I 
PRINT 2 0 0 8 

2 0 0 8 FORMAT ( / / 1 5 X ,53HSTAN0AR D I N T E N S I T I E S CORRECTED FOR DEADTIME AND C 
I R I F T 1 

PRINT 2 0 0 9 . ( EL( J ) . J=1 .NA ) 
2 0 0 9 FORMAT ( / 4 X . 1 2 H B E A M C U R R E N T . 9 ( 5 X , A 3 , 3 X ) ) 

PR INT 20 1 0 . B C R E F , ( S I ( J ) . J = l , NA! 
2 0 1 0 FORMAT ( / 7 X . F 8 . 1 , 3 X . 9 ( F 9 . 2 , 2 X I ! 

DO 5 00 a J= 1 . 3 
DO 5 00 8 K = l . 8 

5 00 8 BKSUM( J . K l = 0 . 
C 
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TS AND BACKGROUNDS 

DO 5 009 J=1,NA 
BCSUM(J! =C. 
READ 5 0 0 2 , N 
NN = N 
00 5010 K = l , N 
READ 501 l.BC ( J , K ! . (BK«J. K , L ! , L = 1 ,I»A) 

s o n F0RMAT(4 (2X , F5 . 0,4X ! ) 
IF ( B C ( J . K ! . E Q . O . ) B C < J , K ) = 1 . 
BCSUM(J! =BCSUM(J!+BC( J.K-) 

_ DEADTIME C^ORRECI BACKGRJigNlLi^ANJ. AV ERASE .Jig IF T-mRR FCTE D 
BACKGROUNDS _ 

DO 5010 L=1,NA 
BK(J,K,L ) = B K ( J , K , L ! » T I M E / ( T I M E - T A U ( L ) » 8 K < J . K . t ! ) 

5 010 BKSUM( J , L!=BKSUM(J,L!*BK (J ,K , L ! 
BC AVG( J) =BCSUM(J)/NN 
00 5014 L = l . NA 

5014 ABK( J , L) =BKSUM( J .L !/NN»BCREF/BCA VC( J ) 
BKGO (J )= A8K( J , Jl 

5009 NAB( J ! = A B K ( J , J ! * . 5 
PRINT 51 OC, TIME 
IF ( N A . L E . 3 ! GO TO 2080 
PRINT 5 2 0 1 , ( E L d ) . L I N E d l . 1 = 1 ,NA) 
PRINT 5202 
DO 2070 J=1,NA _ 
PRINT 5204 . E L ( J ) , ( A B K I J . L ) , L = 1 . « A ) 

2070 CONTINUE 
GO TO 33 1 

2080 PRINT 5 1 0 1 , ( E L d ) , L I N E d l , 1=1,NA) 
PRINT 5132 
DO 2085 J=1,NA 
PRINT 5104 , E L ( J ) , . ( ABK( J . L ! . L = l ,NAI 

2085 CONTINUE 

READ BEAM CURRENTS ANO RAU INTENSITIES FROM UNKNOWN. ANO 
COMPUTE CONCENTRATIONS 

331 SMSAL=0. 
READ 2085.DUMMY,(DECAYIJI , J=1,NA ) 

2086 F 0 R M A T ( 4 ( 2 X , F 5 . 0 . 4 X I ) 
DO 40 1= 1,300 
ITER=0 
READ 5 0 1 5 . B E A M ( I ) , ( X I ( J I , J = 1 , N A I 

5015 F0RMAT(4 ( 2 X , F 5 . 0 . 4 J ( ) ) 
IF ( B E A M ( I ) . L E . 99997 .1 CO TO 5 0 1 6 ' 
KODE = B E A M d ) - 99997 . 
GO TO 78 

5016 IF (TAG.NE.ABEr (26 ) ) GD TO SOlY 
DO 5018 J= I .NA 

^ 0 1 8 S I ( J ) = 1 ^ 
GO fo 50 19 

5017 IF ( B E A N d ) . E Q . O . ! BEAM(|) = 1 . 
^ q i _ 9 DO 75 J=1.NA 

IF (TAG. NE.ABET(26 I ! CO TO 5020 
IF (ITER .NE. 0) GO TO 22 
GO TO 333 

5020 IF ( I T E R . N E . O ) GO TO 502 3 
N S I ( J . I I = A S I ( J ) 
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DEADTIME ANO DRIFT CORRECT UNKNOWN' IN TENSIT IE 'S 

X X I ( J ) = X H J ) « T I M E / ( T I M E - T A U ( J ) » X I ( J ) ) 
X X K J ) = X X I ( J I - O E C A Y ( J ) _ 
X X K J I = X X I ( J | . B C R E F / B E A M ( I I 
N X K J , I ) =XXI-( J ) 

C 
C 
C CORRECT FOR STANDARD BACKGROUNDS 

X I ( J I = X X I ( J I - B K G D ( J l 
IF ( I . E Q . l l S K J I ^ S K J ) - B K C D ( J ) 
S S I < J I = S S I ( J l j » S I ( J ) _ 
CO TO 33 3 

5 0 2 3 A B G O ( J ) = 0 . 
C 
C 
C CORRECT FOR CONCENTRATION DEPENDENT BACKGROUNDS 
C 
c 

DO 5 0 2 4 K=1 ,NA 
5 0 2 4 ABGO(J)= A B C O ( J I * C ( K ) « A B K ( K , J l 

X I ( J I = X X l ( J I - A B C D ( J l 
C 
C . __ 
C FORM K - R A T I O S 
C 
C . . _ 

3 3 3 R I N T ( J I = X I ( J I / S I ( J I 
I F ( R I N T ( J l . C T . . 9 9 9 9 ! R I N T ( J 1 = . 9 9 9 9 
IF ( R I N I ( J l . L T . O , I R I N I ( J I = 0 . 
IF d T E R . E a . 2 l ROUr( J , I I = R I N T ( J I • . O O O l 

75 CONTINUE 
IF ( I T E R . N E . 2 I CO TO 5 0 3 0 _.. 
00 4 1 J= I .NA 
SR( J I = S R ( J K R ! N T ( J l 

4 1 S R S Q ( J I = S R S Q ( J I ^ R I N T ( J l » RINT ( J ) ._ ^ 
5 0 3 0 DO 5 0 4 0 J = l . NA 

R I NT ( J )= ALPH A ( J ) .R IN T( J ) 
IF ( I T E R . E O . O ! C ( J I = R I N T ( J ) _ 

5 0 4 0 CONTINUE 
2 2 I T E R = I T E R * l 

IF ( I T E R . N E . l l GO TO 5 0 6 0 - . 
DO 5 0 5 0 J = 1 , N A 
C O I J I = R I N T ( J I 

5 0 5 0 CONTINUE 
GO TO 5 0 7 C 

5 0 6 0 IF ( I T E R . L E . Z ! GO TO 5 0 7 0 
DO 5 0 8 0 J = l , N A 

5 0 8 0 C 0 ( J ) = C 1 ( J ) 
5 0 7 0 IF ( N E L . E O . N A ! GO TO 25 

C ( N E L I = 1 . 
00 24 J= I . N A 

24 C I N E L ) = C ( N E L l - C ( J ) 
I F ( C I N E L ) . L T . O . ) C ( N E L ) = 0 . 0 _ . 

25 R A L = 0 . 
2 A L = 0 . 
gSAL = 0 . 
DO 9 0 2 J = l , 8 
F I D I ( J ) = 0 . 

90 2 AC A L ( J I = 0 . 
C 
C 
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ION COEFFICIENTS FOR UNKNOWN 

DO 2 5 K=l .NEL 
00 26 J = l . N E L 
ACAL(KI=ACAL(KI*C( J ) « A C ( K . J I 
IF ( A C A L ( K ) . L E . O . ! ACALCK )= . 0000 00 1 
IF(ACAL(K».GT.1000 0 0 . I A CAL < K >=1 0000 0 . 0 

26 CONTINUE 

CALCULATE BACKSCATTER LOSS FACTOR. MEAN ATOMIC NUMBER AND MEAN 
Z / A FOR UNKNOWN 

DO 2 7 J= l .NEL 
RAL=RAL*R(J) •C(J) 
ZAL=ZAL*Z(J! »C( J ) 

27 WSAL=HSAL*WS( J I ' C I J l 
HAL=4.5/ (ZAL'WSALI 
P A L = 2 A L » ( 1 4 . « d . - E X P ( - . l . ZAL» ) *7 5 . 5 / ( Z A L " ( Z A L / 7 . 5 H - Z A L / < 1 0 0 . * Z AL 

1 II 

CALCULATE CONCENTRATIONS 

DO 28 K=I .NA 
UAL(KI = 1 . •CSC»ACAL(KI/SI GMA(K) 
YP=CSC»ACAL( Kl 
00 880 J = l . NEL 
Y=YP/ACAL(J! 
V=ESP/AC AL< J ) 

880 F ID1(K! = F I 0 I ( K l + C ( J l • B ( K , J I / A C A L ( J ! » ( A L 0 G < 1 . * Y ) / Y * A L O G ( l . • V l / V ! 
F A L ( K I = ( ( l . + H A L ) » ( l . ^ F I D I ( K ) l « d . * l . 1» HAL/(4 .« 1.1»HA L ) ' C S C ACA L( K) 

l / S I G M A ( K I I ) / ( U A L ( K | , ( l . « H A L > U A L ( K ! ' t ) 
C (K I=RINT(K) »WSAL« (V AL(K I-AL OG(P AL M ' F ACT(KI / ( FAL(K I 'R AL ) 
IF ( C ( K ) . L T . O . I C (K I=0 .0 _ . 
I F ( C ( K I . G T . . 99991 C ( K ! = . 9 9 9 9 
IF ( ITER .NE. 1 ! CO TO 5090 
C1(KI = C(K( _ 
GO TO 28 

5090 IF ( I T E R . G T . 2 ) C1(K)=C3(K) 
C3(KI = C(K! _ 
COEN=CO<K)-2 . ,C l (K!^C3(K! 
IF (CDEN.LE.O. I CDEN=.0000001 
CIKI=ICO ( K | , C 3 ( K ) - C 1 ( K ) , CKK )) /CDEN 
1F(C(K) . G I . . 9 9 9 9 ! C ( K I = . 9 9 9 9 
IF (C(KI . I E . 0 . ) C(K)=C3( K) 

28 CONTINUE 
C 
C 
C TEST FOR CONVERGENCE AND C.HECK_ NUMBER OF ITERATIONS 

C 
IF ( I T E R . L T . 3 ) GO TO 5019 _ 
DO 85 M= I.NA 
DEL=ABS(C3(MI-C(MII 
IF lOEL. GE. . 0005! GO TO 86_ 

85 CONTINUE 
GO TO 37 

85 IF (ITER .LT. 20 I GO TO 50J._9 
87 LOOP d )= ITER • 

C 
C 
C SUM CONCENTRATIONS FOR AVERAGJ.NC _ _ _ 

C 
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SlI^SAL^SWSIL^^SAL 
DO 3 1 K= I . N A 

IF (SR(K ) . L T . . 0 0 0 1 I S R ( K I = . 0 O 0 1 
IF (SRSa( K I . L T . . 0 0 0 0 0 0 0 1 1 SRSI l (K ) l . 0 0 ^ ^ 0 0 0 1 
U P ( K I = 1 0 0 . . C ( K l 

3 1 U P C ( K , I ) = U P ( K ) 
IF ( N E L . E C . N A ) GO TO J 4 
W P ( N E L I = 1 0 0 . 
DO 33 K = 1 , N A 

33 H P I N E L I = W P I N E L I r M P i K l 
I F ( H P I N E L I . L T . O . I U P « » E L ! = 0 . 

34 U P C I N E L . I I = M P ( N E L I 
DO 35 K= l . N E L _ _ __ 

35 AT OM(KI= UPIK l / A ( K I 
D E N = 0 . 
DO 3 6 K= l . N E L :_: ; _ 

36 DEN=DEN^ ATOMIKI 
DO 4 0 K= 1 . NE L 
A P I K I = 1 0 0 . , A T O M ( K 1 / D E N _ _ 
A P C I K . I ) =AP( K) 
S A P ( K ) = S AP(K ) ^ A P ( K ) 
SAPSQIKI = S A P S O ( K ! ^ A P ( K I « AP(K I 
SMP(K)=S1(P(K ) ^ M P ( K ) 
SWPSQIK! = S U P S O ( K l ^ l l P ( K ! . M P ( K I 

4 0 CONTINUE __ _ 
7 8 N S = I - 1 

OBS=NS 
IF ( N S . G T . l l CO TO 76_0 „ 
0 I V = 1 . 
CO TD 76 5 

760 O I V = O B S . OBS _ _ 
C 
C 
C CALCULATE AVERAGE K - R A T I O S AND RMS DEVIAT IONS _ , 
C 
C 

765 DO 4 2 K= I .NA 
A V R ( K I = S R ( K I / O B S ^ . 0 0 0 0 5 

4 2 ROEV(K I= 2 . . S a R T I l O B S . S R S Q I K I - S R I K ) ^ £ R ( K) ) / O I V ) • .OOOOS 
C . 
C , 
C CALCULATE PEAK-TO-BACKC ROUND RATIOS ANO MINIMUM D E T E C T A B I L I T Y 
C L I M I T S 
C 

c 
IF ( T A G . E ( 1 . A B E T ( 2 6 ) ) GO TD 3 34 
DO 7 3 0 K = 1 . N A 
P E A K ( K I = S I ( K I / ( A L P H A ( K I < B K C D I K I I 
M P E A K I K I = P E A K ( K I 
L I M I T I K ) = 3 2 9 . / S 0 R T I S I I K I ' P E A K I K l I 

730 CONTINUE 

C CALCULATE AVERAGE CONCENTRATIONS 

334 DO 4 3 K= l . N E L 
AVMPIKI= S H P I K ) / 0 B S ^ . 0 0 5 
A V A P I K I = SAP I K I / 0 B S ^ . 0 0 5 
MPDEVIKI = 2 . .SORT I IOBS«SHPSQI K I -SUP« R | , S M P ( « I I / D I V l ^ . 0 0 5 

4 3 APDEVIK) = 2 . ' S O R T 11 OBS<SAPS0l K l - S APX K ) • SAP ( K l 1 / 0 1 VI • . 005 
I F ( N E L . EQ.NA) GO TO 76 
AVMPINEL )= 1 0 0 . 0 
AVAPINEL ) = 1 0 0 . 0 
DO 7 7 K= 1 , NA 
A V U P I N E L I = AVWP(NEL ) - A V k P I K I 

77 AVAPINEL I = AVAPINEL 1-AVAP IK I 
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I GO TO 7 6 

AVAPINEL 1 = 0. 

START OUTPUT OF ALL OATA INCLUDING CONSTANTS CALCULATED 

76 PRINT 615,TAG,NPROB.DATE 
615 FORMAT I I H l , / / 4 0 X , 15HPK0 8LEM NUMBER , A 1 . 1 4 / / 6 8 X . 3A4 , A 3 / / I 

PRINT 29 
29 FORMAT ( /17X,6HAT0MIC,5X,5HAT0M1C,6X,11HBACKSCATTER.5X, lOHEXCITAT 

1ION,5X,10HABSORPT10N,5X, I IHF LUOR ESC ENT/5X. 7HEL EMENT , 5X, 5HNUMBER , 5X 
2 ,6HHEIGH T,7X , 6HF ACTOR .8X , 9HP0TEN TI At ,6X,10HJUHP RATI 0 , 8X , SHY I ELD / / 
31 

DO 3 9 1= 1 , NEL . 
NZ=Zd I 
AJRI I l=A JRd !-».O05 
FYRI I )=F YR(I 1^.0005 
PRINT 38 . ELI I I ,NZ. A ( I I ,R ( I I . ECd ) ,AJR( D . F Y R d I 

38 FORMAT ( 7 X , A 3 , 8 X , I 3 . 5 X , F 8 . 3 . 7 X , F 5 . J . 10 X, F7 . 3 , 8 X, F5 . 2 . 1 IX , F 5 . 3 ) 
39 CONTINUE 

PRINT 52 
52 FORMAT ( / / /33X,28HMASS ABSORPTION COEFFICIENTS! 

IF I N A . L E . 3 I GO TO 637 
PRINT 5 4 3 . ( E L d ! ,L INE( I I ,1 = 1 ,NA) 

648 FORMAT ( /3X,9HRADI AT ION, 5 X , 8 ( A 3 . A 2 . 5 X ) ) 
PRINT 6 4 5 

645 FORMAT ( / .4X,8HABS0RBER// I 
DO 558 J = I , NEL 
PRINT 5 5 3 , E L ( J ! , ( A C ( 1 , J I , 1 = 1 , N A ) 

568 FORMAT ( 9X , A 3, 3X,8 ( F8.0 , 4X ) ) 
658 CONTINUE 

PRINT 5 1 0 0 , TIME 
PRINT 52 0 1 , ( ELd I , L I N E l i 1 ,1= 1,NA I 

5201 FORMAT ( / 41X.11HBACKGROUNOS//IX,14HC0NTRIBUTE0 T O . 2 X , 8 ( A 3 , A 2 .6X ) I 
PRINT 5202 

5202 FORMAT ( / 2 X , I 1 H B Y 100 I O F / / ! " 
DO 5203 J = l . NA 

5204 FORMAT ( 9X , A 3, 3X ,8 ( F 5 . 1 , 4X I ) _ 
5203 PRINT 5 2 0 4 , E L ( J I , I A B K ( J, iL! ,L=1 ,NA) "" 

IF I N S . L E . l ! GO TO 73 
PRINT 51 5,TAG,NPROB.DATE 
IF ( T I M E . E O . l . I GO TO 526 
PRINT 61 7 . ( E L I I ) , I = 1 , N A ) 

417 FORMAT ( / / / 3 3 X , 3 7 H I N T £ l J s i T I E S (CPS X COUNTINa INTEMAL ) /35X I I H r (IB 
IRECTEDFOR DEAD-TIME AND DRI F T / / 6X, 8 (A 3, lOll | 7 / " 

GO TO 610 
625 PRINT 6 2 7 . I E L d ) , I = l ,NA) 

"^^TD^!F';;^^xM?:;5:I^^t/';!"'^''"'^^"•"""'"'"^" " " DEAD-T,ME 
610 DO 588 I = I ,NS 

PRINT 59 8 . ( N X I I J , | ) ,NS I ( J . I I , J = 1 , N » ) 
698 FORMAT ( l l » , 8 d 7 . 2 H / , 1 7 , 1 X 1 ) 
688 CONTINUE 

IF ITIME .EO. I . ) GO TO 519 
PRINT 5 2 0 , (NABCI I , I = 1 , N A ! 

" ° i " d 4 ! 9 ' x i r ' ' ' ' ' " ^ " " " ° " " ' " " ' = ' < 0 " N « S (ICPS X COUNTING I NT ERVAL ) / / I 5X 
GO TO 52 1 

519 PRINT 5 2 2 , ( N A B ( I ) , I = 1.NAI 

" ' Tlu^JeTil^To'ro'll"' " ' • " ° ^ f C ° ' - » S , / / 6 X . 8 ( F 3 . 1 , 1 0 X ) . 

PRIUT 59S,TIME 
625 " ^ " ' ^ ' ' ' ^ ^ X . I S H C O U N T I N G IN TERV AL , , F6 . 1 ,8H SECONDS. 
625 PRIUT 15 ,TAG,NPROB,DATE 
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P U I M 5 9 4 , l E L d ) , I = 1 ,NA) 
6 9 4 FORMAT ( 18 X . 33HI NO IV IDUA L K-RATIOS CORRECTED F 0 R / 1 7 X , 36HDE AD-T IiME 

1 , D R I F T AAO BACKGROUND O N L Y / / 5 X . I H N , 4 X . 8 ( A 3 . 5 X ) ) 
DD 5 68 I = 1 , N S 
P R I M 57 3 , L 0 0 P I I ) . I R 0 U T I J , I ) . J = I . N A f 

5 7 8 FORMAT I 3X . I 3 . 2X , 8 I F 6 . 4 . 2X ) I _ 
56 8 CONT INUE 

IF I N B . E Q.OI GO TO 1 0 0 8 
PR INT 74 _ 
PRINT 57 4 . l E L D I K I . S T D I K . 1 ! .STOIK , 2 1 . K= l . N B I 

67 4 FORMAT I / / 1 7 X , A3 ,3 7HDETERMINED R ELAT I V E TO A STANDARD OF , A4 , A 1 I 
CO TO 10 oe 

6 3 7 PRINT 6 4 7 , ( E L I I I ,L I N E d I , 1 = 1 ,NAI 
6 4 7 FORMAT I / 2 5 X . 9 H R A D I A T I 0 N , 5 X . 3(A3 . A 2 . 3X I ) 

PRINT 6 4 5 
6 4 5 FORMAT I / , 2 5 X , 8 H A B S O R B E R / / l 

DO 6 5 7 J = 1 , N E L 
P R I I K 5 5 7 , E H J I , I A C d , J ) , 1 = 1 ,NA) 

6 6 7 FORMAT ( 3 1 X , A 3 . 3 X , 3 1 F 8 . C , 5 X I I 
6 5 7 CONTINUE 

P R U T 5 1 0 C , TIME 
5 1 0 0 FORMAT ( / / / / 3 5 X . i e H C 0 U N T I N G I N T E R V A L . , F 5 . 1 . 1 OH SECOND!SI 1 

PRINT 51 0 1 , I E L d I , L INE 11 1 .1= I .NA I 
5 1 0 1 FORMAT I / 4 1 X . H H e A C K C R 0 U N D S / / 1 9 X . 1 4 HC_0»TRIBUTEO_T0. 5 X _ . 3 j A 3 , A 2 j 8 X .̂  

1 I I 
PR INT 5 1 J 2 

5 1 0 2 FORMAT I / 2 3 X , 1 1 H B Y 100 I O F / / I ^ _ _ _ _ _ _ 
DO 5103 J = 1 . N A 

5 1 0 4 FORMAT I 31X. A 3 , 3 X . 31 F 6 . 1 , 5 X 1 I 
5 1 0 3 PRINT 51 0 4 , E L ( J I , 1 ABKI J . L) .L =1 .N Al_ 

IF I N S . L E . l ! GO TO 7 3 
PRINT 15 .TAG .NPROB,DATE 

15 FORMAT l l H . 24X. 15HPR0BLEH NUMBER , A 1 , I 4 / / 5 2 X , 3A4, A 3 / / I ^ . 
IF l iTIME . E 0 , 1 . I GO TO 64 3 
PRINT 6 5 5 , I E L ( I I , I = 1 , N A I 

655 FORMAT ( / / / 1 6X , 37H INTENS I T I E S (CPS X COUNTING INTERV AL 1 /1 8X, 33HCIOS 
IRECTED FOR DEAD-T IME AND DRI F T / / 1 4 X , 3( A3 .16X 1 / / I 

GO TO 6 4 2 
6 4 3 P R l l M 6 5 4 , l E L d 1 , 1 = 1 .NA) 
554 FORMAT I / / / 2 5X . 17HINTENS I T IE S IC PS I ' 1 8 X , 33HCDR RECT ED FOR DEAD-TI'ME 

1 AND CRI F T / M 4 X , 3 ( A3 ,15K I / / ) , 
642 DD 5 87 I = 1 , NS 

P R I M 5 9 7 , I N X I I J . I I . N S I l J . I I , J = l , N A I 
6 9 7 FORMAT I 2X . 3 I7X . 17 , 2 H / . 17 I ) 
6 8 7 CONTINUE 

IF liTIME . E Q . 1 . I CO TO 5 5 2 
PRINT 6 5 I . I N A B I I I , 1 = I . N A I 

6 5 1 FORMAT I / / 1 2 X , 46 HS TANDAR D BACKGROUNDS ICPS X COUNTING I N TER V AL I / ' / I 
1 3X. 3 1 1 4 , 15X1 I 

CO TO 56 5 
6 5 2 PRINT 5 3 7 . I N A B I I I . I = 1 . N A ) 
5 3 7 FORMAT ( / / 2 2 X. 26HSTAN0AR D BACKGR OUNO S (CPS ) / / 1 3X, 3 d 4 j 15JII I 
665 PRINT 66 4 . IT AUMI I I , I = 1 , N Al 
6 6 4 FORMAT ( / / 2 3 X . 2 4 H 0 E A 0 - T I ME I MICR OS EC ONDS 1 / / 14X , 3 IF 3 . 1 , 17 XI I 

IF IIT IME ,EQ. 1 . I GO TO 56 3 _ , „ _ _ 
PRINT 66 2 , T I M E 

6 6 2 FORMAT 1 / / 1 9 X , 18HC OUNTING IN TERV AL , . F6 . 1 , a H SECONDS! 
6 6 3 PRINT 15 ,TAG,NPROB.DATE 

PRINT 70 , ( E L I J l . J = 1 . N A 1 
7 0 FORMAT I 1€X. 3 3 H I N D I V I O U A L K-RA TI DS C OR RECT ED F 0 R / 1 7 X , 3 6 H 0 E A D - I I H E 

1 , D R I F T ANO BACKGROUND ONL Y / / 9 X . I H N . 7 X , 3 l A 3 . 1 3 XI I 
00 7 0 2 I = 1 . N S 
PR INT 71 ,LDOP( I I , ( R O U T ( J . I I , J = l , NA! 

7 1 FORMAT ( 7 X , I 3 , 5 X . 3 ( F 6 . 4 , 10X1 I 
702 CONTINUE 

IF ( N B . E Q.OI GD TO 1008 
PRINT 74 
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l l O T E " ' ! 
IK,1 I . S T D I K , 2 ) ( , K = 1 .N8 I 

51 FORMAT ( //24X,A3,19HPJTERM_INJfl RE_LATIYEZ?4X.17HT0 A ST AN OARD -Of — , — 
1 A 4 . A l l 

1008 I f ( N S . L E . l l GO TO 73 
DO 1270 L = 1.2 
IF (NA.GT.3I GO TO 120C 
PRINT 15 .TAG,NPROB,DATE 
GO TO 11 IC 

1200 PRINT 615.TAG,NPROB.DATE 
1110 PRINT 89 .AAME,TITLE 

PRINT 66 ,E0,THETA _ _ ,— ^ 
IF (TAG. EO.ABET( 26 ! I GO TO 1130 
PRINT 57 
DO 1130 K=1,NA __ .-
PRINT 58 ,EL( K!,MPEAK(K), LIMl T(K! 

1130 CONTINUE 
IF I N A . G T . 3 I GO TO l i 4 0 ( 
PRINT u s e 

1150 FORMAT ( //23X,2OHCHEMICAL COMPOS ITMN/25X . I4HWEIGHT PERCENT/25X. 14 
IHATOMIC PERCENT/I 

IF INEL.EC.NAI GO TO 1152 
PRINT 1153 .EL(NEL! 

1153 FORMAT ( 15X , A3 .24HDETERM 1 NEO BY DIFFERENCtZJ 
1152 PRINT 11 5 4 . ( E L I K I , K = 1 , N E L ! 
1154 FORMAT ( /3X, 3HQBS,9X,4(A3, 13X1/1 

DO 1 1 7 0 1 = 1 ,NS _.. . _ 
PRINT 116C.I.(HPC(K,I),K=1,NEL) 

1160 FORMAT ( / 3 X , 1 3. 5 X, 41 F8. 3 , 8X ) ) 
PRINT 1155.(APC(K, II.K=l,NEL ) 

1155 FORMAT ( I I X , 4 ( F 8 . 3 , 8 X ) ) 
1170 CONTINUE 

GO TO 1270 .. ..._ 
1240 PRINT 1250 
1250 FORMAT ( / / 4 6 X, 20 HC HEMI CA L CO MPOS ITIION/49X , 14HW E IGHT PE RC ENT/49X . 14 

IHATOMIC PERCENT/) . , 
IF (NEL. EQ.NA) GO TO 1252 
PRINT 1253,EL1NEL) 

1253 FORMAT ( 42 X. A3 .2 4HDFTFRM INFD RY niPFFRFNCF/) 
1252 PRINT 1 2 5 4 , ( EL(K ) ,K=1,NEL) 
1254 FORMAT ( 13X, 3H0BS, 7X ,9 (A3 ,8X ) / ) 

00 1270 1=1, NS . 
PRINT 125C, I , (HPC(K. 1) .K=1.NEL) 

1250 FORMAT ( / 3X,,I 3 .4X, 9( F8. 3 ,4X ! I 
PRINT 1 2 5 5 , ( A P C ( K , I l , K = I ,NELI 

1255 FORMAT < ICX, 9 (F8 . 3 , 4X1 I 
1270 CONTINUE 

73 DO 59 L = 1 . 2 . . 
PRINT 15.TAG,NPROB,DATE 
PRINT 89 .NAME.TITLE 

_ 8 9 F0RMATI5X,13HSUBMITTED BY . 5 A 4 / / 5 X , 1 4HDESCRIPT ION - . 71 A 1 / / ) 
PRINT 49.KS " — " 

49 FORMAT I /13X.33HMEAN CHEMICAL COMPOSITION AND TW0/18X, ZIHSICHA L I 
IMITS BASED 0 N , 1 4 , 9 H ANAL YSES , / / / 29X . 5H WE IGHT , 1 2X, 5HA TOMI C / 1 6 1 . 7HEL 
2EMENT,5X.7HPERCENT,l lX,7HPERCENT//» 

DO 4 5 K= 1,NA 
PRINT 44 ,ELIK),AVWPIKI,MPDEV I K ) , AV'AP(K I.APDEV( K) 

44 FORMAT ( U X . A 3 , 2 X , F 8 . 3 . 2 H - , F5. 3 , 2X, F8 • 3.2H - . F 6 . 3 / I 
45 CONTINUE 

IF INEL. EQ.NA) GO TO 47 
PRINT 48,EL( NEL ) , A VWP( NE Ll , WPDEV ( NEL ! , AVAP (NEL > , A P O E « N E U „ 

48 FORMAT ( 1 S X. A3 ,1 H. . 1 X, f 8 . 3 .2 H - . F5 . 3 ,2 X . F 8 . 3 ,2 H - , F6 . 3 / / / 2 IX . 25 H. 
1 DETERMINED BY DIFFERENCE! • 

47 PRINT 64 
64 FORMAT ( / / 5 x , 5 5 H -_ — _ . _ T r ^ - ' _ —~z.z^^r-z~.zzz'^:r 

1 / / / 13X ,42HHEAN INTENSITY RATIOS AND TWO SIGMA LIIMI 
2TS//21X.,7hELEMENT. 1 2 X . 1 H K / / ) 
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DO 63 K= I .NA 
PRINT 65 , E L I K ) . A V R I K I . K O E V I K I 

6 5 FORMAT ( 2 3 X , A 3 . 7 X , F 6 . 4 , 2 H - , F 7 . 4 I 
6 3 CONTINUE 

PR INT 6 6 .EO.THETA 
6 5 FORMAT ( / / / 1 3 X . 2 0 H A C C E L E R A T I N C V O L T A C E . 1 3 X . F 5 . 1 ,4H K E V / / 1 3 X , 

IRAY EMERGENCE ANGLE. 1 2 X , F5 . 1 , SH DECREES! 
IF I T I .E 0 . 0 . I GO TO 83 
PRINT 8 4 . T l 

8 4 FORMAT ( / 1 3 X . 1 4 H F I L M I H l C K N E S S . 1 9 X . F 5 . 2 , 8 H MICRONS)" 
C 
C 
C CALCULATE DEPTH OF ANALYZED REGION 
C 
C 

83 IF ( R H O . E O . O . I GO TO 92 
D M = . 0 3 3 . 0 e S / ( S K S A L » R H O ) » S Q R T ( E O ' E O ' t 0 ) • . 0 0 5 

C 
c 
C CONTINUE OUTPUTTING OF OATA 
C 
C 

PRINT 9 3 . R H 0 . 0 M 
9 3 FORMAT ( / 1 3 X . 7 H D E N S I T Y , 2 5 X , F 6 . 2 / / 1 JK,24H0EPJM OF ANALYZED R E G I O N , 9 

1 X , F 6 . 2 . 8 H MICRONS) 
92 IF I T A G . E ( , A 8 E T ( 2 6 I I GD TO 6 9 

IF I N A . G T . 3 1 PRINT 15 .TAG.NPROB.DATE 
74 7 PRINT 5 7 

5 7 FORMAT I / / 1 3 X , 4 4 H S T A N 0 A R D PE AK-T 0-BA CK GROUND RATIOS I P / B ) A N D / 1 7 X , 
134HMIN IMUM DETECTABIL ITY L I M I T S (MDL I / / 15X. THE LEMENT . 6 X . 3 H P / 8 , 1 3 X , 
2 3 H M D L / / I 

0 0 3 4 1 K = 1 . N A 

PRINT 68 , E L I K I , M P E A K I K ) . L I M I TIK 1 _ ' ^ _ 
5 8 FORMAT ( l e X . A 3 , 5 X . I 5 , 2 H / 1 , 8X , F 7 , 4 , 5 H MT I / / ) 

341 CONTINUE 
6 9 CONTINUE 

C 
C DETERMINE IF GRAPHS ARE DESIRED 
C 

READ 5 0 . (MAR Y( 1 1 . 1 = 1 . 5 ) 
5 0 f O R M A K S 11 1 . 

DO 6 1 1= 1 . 5 
IF IMARYI 1 1 - 1 1 6 1 , 6 1 , 6 2 

62 CALL GRAPHS 
GO TO 32 0 

6 1 CONTINUE 
C 
C 
C CHECK FOR MORE DATA. 

"C 
C 

32C GO TO 11 . 8 0 1 . KODE 
8 0 PRINT 1 0 0 2 . T A G , N P R O B 

1 0 0 2 FORMAT ( I H O . / / l O X , 27HLAST PR OBLE H NU MBER USED I S , I X , A l . 1 4 1 
STOP 
END 
SUBR OUT! NE GRAPHS 

C T H I S SUBROUTINE DETERMINES UHICH GRAPHING OPTIONS ARE DESIRED. 
C R A D I I . AND CORRECT UEIGHT PERCENTS AND WEIGHT PERCENT RATIOS ARE 
C CALCULATED AND STORED IN COMMON. 
C PROGRAMMED BY RICK FERNOUIJULY 1 9 6 9 ) 

COMMON W P C I 9 . 3 0 0 I ,MARY( 5 ) , R A O ( 1 0 2 I . A AA 1400 I . T( 50 0 I 
MU5=MARY(51 
0 0 35 J= 1 . 100 
READ 5 ,R ADIJ I 

5 FORMATIF I C O 1 
IF I R A D I J I . L T . 0 . 0 0 1 1 GO TO 12 

35 CONTINUE 

http://IRADIJI.lt
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Yl 1 I = M P C d . I I 
Y I N P T S ^ I l = M P C ( 2 , l I 
Y I Z ' N P I S ^ I l = H P C H . I I ^ W P C 1 2 , 1 ) 
Y ( 3 » N P T S ^ I ) = H P C ( 2 , I ) / M P C I 1 , I ) 

1 Y ( 4 . N P T S ^ 1 I = H P C ( 2 , 1 I / ( HPC ( 1 . I ) • WPC< 2 , I ) I 

J I M = 1 
L E T = 1 
DO 3 1 K= 1 , 5 
1F (MARY( K I . N E . 5 I GO TO 1 0 
CALL C A L P L T I N P T S , 7 , 1 I 
LET = 2 

10 I F I K . N E . 5 ) G 0 TO 2 - -
I F I M U 5 . E Q . 3 . 0 R . M U 5 . E Q . 4 ) GO T O 2 
I F I L E T . E Q . D G O TO 2 
CALL C A L P L T I N P T S , 6 , 2 I 

2 IF IMARYI K l , E Q . O ! M A R Y ( K ) = 1 
I F ( M A R Y I 1 I . E Q . 5 I M A R Y ( 1 I = 4 
M U = M A R Y ( K ) 
GO T 0 ( 3 1 . 3 2 . 3 3 . 3 2 ) . M U 

32 I F ( J I M . E 9 . 2 ) GO TO 34 
CALL P P L O T I N P T S . J I M I 

3 4 I F I M A R Y I K ) , N E . 4 ) GO TO 3 1 
3 3 CALL C A L P L T I N P T S . K . L E T ) 

L E r = 2 . -
IF IK . N E . 5 ) G 0 TO 31 
CALL C A L P L T ( N P T S , 6 , 2 ) 

3 1 CONTINUE 
RETURN 
END 

SUBROUTINE C A L P L T I NPTS.K . L E T I 
C T H I S SUBROUTINE PREPARES CALCOMP G I W P H S 

C PROGRAMMEC BY RICK FERNOW ( J U L Y 1 9 5 9 ) 
COMMON A A A ( 9 , 3 0 0 ) , B B a ( 5 l i R A D d O Z ) , C C C ( 4 0 Q ) . Y 1 5 0 Q 1 . NA«£14f l_ l_ 
D I M E N S I O N B U F F I 1 0 0 0 ) , O R O ( 1 0 2 ! , O R D U d 0 2 ) , O R D 2 d 0 2 ! , a R 0 3 d 0 2 ! 
I F IK . E O . 5 I G 0 TO 9 
IF ( L E T . E Q . 2 I CO TO 
CALL PLO T S ( B U F F , 4 0 0 0 , J J _ I ^ 

7 CALL P L O T l - . 7 5 , - . 5 , 3 ) 
CALL P L 0 r ( 7 . 7 5 . - . 5 , 2 ) 
CALL P L 0 T ( 7 . 7 5 , 1 0 . 5 , 2 ) 
CALL P L O T ( - . 7 5 . 1 0 . 5 , 2 ) 
CALL P L O T ( - . 7 5 , - . 5 , 2 ) 
GO T 0 ( 1 , 2 , 3 , 4 , 5 , 9 . 1 5 ) , K 

1 J 0 = 1 0 
K 0 = 1 5 
DO 8 1 = 1 . N P T S 

8 O R D I I ) = Y 11 I 
GO TO 6 

2 JO = 1 4 
K 0 = 1 5 " 
DO 5 8 l = l , N P T S 

5 8 ORDI I l=Y I I ^ N P T S l 
GO T 0 5 

3 JO = 1 8 
K0 = 18 
0 0 5 0 1= 1 , N P T S 

6 0 ORDI I l = Y I 2 » N P T S ^ 1 I 
GO TO 5 

4 J O = 2 3 
KO = 2 2 
0 0 5 4 1= l . N P T S _ 

6 4 0 R 0 ( 1 l = Y I 3 » N P T S + I I 
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U : 
PU : 
SUM : 

+ 

. 
X 

GO TO 5 
5 J O = 2 9 

KO=2 7 
00 73 I = 1 , N P T S 

73 O R D I I l = Y I 4 . N P T S + I 1 
GO TO 6 

1 5 DO 17 1= 1 ,NPTS 
0 R D l d ) = Y I I I 
0R02 I I )= r ( N P T S * I ) 

I 7 0 R 0 3 ( I 1= Y (2» NPTS^I I 
ORDI I N P T S ^ l l = 0 . 0 0 
ORDI INPT S ^ 2 I = 1 0 . 0 0 
0RD2INPT S ^ l ) = 0 , 0 0 
D R D 2 I N P T S ^ 2 I = 1 0 . 0 0 
0 R 0 3 ( N P T S ^ 1 I = 0 . 0 0 
0 R 0 3 I N P r S ^ 2 I = 1 0 . 0 0 
CALL SCALEIRAO . 7 . 5 . N P T S , j , 10 . I 
CALL AXI S ( 0 . 0 , 0 . 0 , NAMEd 0 1 , 1 0 , 1 0 . 0 , 9 0 . 0 , 6 . 00 , 1 0 . 0 0 . 1 0 . I 
CALL A X I S ( 0 , O . O . O . N A M E ( 1 I . - 3 3 , 7 . 5 , 0 . 0 , R A D ( N P I S ^ 1 I , R A D ( N P T S ^ 2 I , 1 0 . I 
CALL L I N E ( R A 0 . 0 R 0 1 . N P T S . 1 , - 1 , 7 8 1 
CALL L I N E ( R A D , 0 R D 2 , N P T S , 1 , - 1 , 9 2 1 
CALL L I N E ( R A 0 , 0 R D 3 . N P T S . 1 . - 1 , 0 4 1 
CALL P L O T d O . 0 . 0 . 0 , - 3 ) 
RETURN 

6 I F I K . N E . 3 ) CO TO 10 
0 R D ( N P T S ^ 1 ) = 0 . 0 0 , 
0 R 0 ( N P T S ^ 2 1 = 1 0 . 0 0 
GO TO 11 

1 0 CALL S C A L E ( O R D , 1 0 . 0 . NPTS , 1 , 1 O . l 
I I CALL S C A L E ( R A 0 . 7 . 5 , N P T S , 1 , 10 . 1 

CALL AXI S ( 0 . 0 , 0 . 0 . NAME! J O ! . K O . 10 . 0 . 9 0 . 0 . ORO I NP T S ^ l I , ORDI NPTS • 2 1 . 10 
1 . 1 

CALL AXI S ( 0 . 0 , O . O . N A M E ( 1 1 , - 3 3 , 7 , 5 , 0 . 0 , R A D ( N P T S ^ 1 I , R A D ( N P T S ^ 2 I , 1 0 . I 
CALL L I N E ( R A D , 0 R D , N P T S , 1 , - 1 , 7 8 ! 
CALL P L O T d O . 0 . 0 . 0 , - 3 ) 
RETURN 

9 CALL P L O T ( 0 . , 0 , , 9 9 9 I 
RETURN 
ENO 
SUBROUTINE P P L D T I N P T S , J l Ml 

C T H I S SUBRCUTINE PLOTS UEIGHT PERCENTS ANO HEIGHT PERCENT RATIOS VERSUS 
C RADIAL DISTANCE I N THE SAMPLE. I T H I L L GIVE A ROUGH GRAPH ON THE P R I N T E R . 
C PROGRAMMEC BY RICK FERNOUIJULY 1 9 5 9 1 

COMMON A A A ( 9 . 3 0 0 1 . MARY(5 1 , R A D I 1 0 2 1 . T I T L E 1 4 0 0 1 . Y ( 5 0 0 ) 
D IMENSION O R O d O C ) .GRAPH ( 5 5 . 1301 . 
INTEGER H O R Z I I O O I . VERTI 1 0 0 1 
MU1 = MARYI 1) 
MU2 = MARY 12 1 
MU3=MARY 131 
MU4=MARY 14 I 
MU5 = MARYI51 

C CALCULATE THE ARRAY OF HORIZONTAL VALUES 
00 30 J= l . N P T S 

30 H 0 R Z ( J 1 = I F I X 1 0 . 8 0 . R A D ( J > ^ 1 4 . 0 1 
0 0 6 1 L= 1.5 
IF IL . E O . 1 ! GO TO 35 
IF IL . N E . 4 ! GO TO 17 . 

C CLEAR THE GRAPH ARRAY 
35 0 0 29 1 = 1 , 1 3 0 

DO 29 J = 1 . 5 5 
2 9 G R A P H I J , l ) = T I T L E I 7 1 

C CONSTRUC T THE AXES 
DO 1 I = 1 . 5 0 

1 GRAPHI I , 131 = T I T L E I 3 0 I 
00 2 J = l 3 , 1 2 2 

2 GRAPH(50 , J I = T I T L E I 3 4 1 
C INSERT MARKERS AT THE PROPER PLACES 
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! I ._ 
00 4 J = l 3 ,11 7, 8 

4 GRAPHI 50 , J I = Tl TLE(82I 
NUMBER THE AXES — 
DO 5 1 = 1 , 4 5 
GRAPHI 1 , 121 = T|TLE( U 1 3 5 ) 

5 GRAPHI I . 11I = T|TLE( 1^190) _^ 
GRAPH( 1 , 1CI=TITLE(236> 
GO T0(50 , 5 0 , 5 0 , 5 1 , 5 1 I . L 

51 DO 52 1 = 6 , 4 5 , 5 
52 GRAPHI1, 1CI = T1TLE(239I 

GRAPHI1, 11) = T ITLE(239) 
50 DO 5 J = l 2 . 1 2 0 _ 

6 GRAPH(51,w)=TITLE<J^229) 
LABEL THE AXES AND DETERMINE THE CORRECT SET OF Y KALUES 
00 7 J = 4 3,75 

7 GRAPHI53 , J ) = T I T L E ( J-42> 
17 IFIMARYI D . E O . O ) MART(L)=1 

MU=MARY(L) 
GO T0I2O , 2 0 . 1 6 , 2 0 , 1 9 ) , L 

16 1FIMU3.E Q.2I CO TO 20 
IFIMU3.E Q.4I GO TO 20 
GO T0 (21 , 1 8 , 2 1 , 1 8 ! ,MU1 

21 GO T0 (61 . 1 8 . 6 1 . 1 8 ! .MU2 
19 l F I M U 5 . E a . 2 l GO TO 20 

IF(MU5.E 0 .4 ) GO TO 20 
GO T0(61 . 1 8 , 5 1 .18! .MU4 

20 GO T0 I61 , 4 4 , 5 1 . 4 4 ! , M U / 
44 
45 
15 

4 5 
5 8 

47 
60 

GO T0(45 , 4 6 , 4 7 , 4 8 . 4 9 1 . 1 
DO 15 1= l.HPTS 
ORDI I ) = Y ( I ) 
IP = 49 
GO TO ^0 
DO 5 8 1= l .NPTS 
ORD( I ) = Y (I^NPTSJ 
IP = 3 8 
GO TO 40 
00 50 1= l.NPTS 

48 
64 

49 
73 

55 
9 

10 

40 
8 

41 

53 

ORDI I )=Y I2»NPTS* I ) 
IP=237 
GO TO 40 
DO 6 4 1 = 1 , NPTS 
ORDI l ) = Y I 3 ' N P T S * I ) » 1 0 0 . 
I P = 3 5 1 
DO 54 J= 32,8 9 
GRAPHI55 , J ! = TI TLE( J^269l 
GO TO 9 
DO 73 1= l.NPTS 
O R D I l ! = Y I 4 » N P T S + I ) » 1 0 0 . 
IP=239 
DO 55 J= 97 ,108" • 
GRAPHI55 , J I = T I T I E ( J ^ 2 6 2 I 
00 10 1= 16.3 1 
GRAPHd. 5 I = T ITLEd^TO) 
GO TO 41 
DO 8 1 = 2 0.29 
GRAPHd. 5 ) = T I T L E ( I ^ 1 5 T " 
DO 12 J= l.NPTS 
VE RT I J 1= IF IX I 5 1 . 0-0^, 50»ORD (Ji_) 
I F I V E R K J I . E Q . O I V E R t « J t = l 
IH=HORZ( J) 
IV=VERT( Jl 
1 F ( GRAPH ( I V . IH I . NE .T I TLE (7 I ) G6^~T0~5 T 
GRAPH( I V , I H ! = T I T L E d P ) 
GO TO 1 2 
GRAPHI I V d H I = r i T L E ( 2 3 8 l 
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12 CONTINUE 
IF(L.LT^.3) G^ TO ^ 
IF(L.E"0. 41 GO ID 61 
PRINT OUT ALL THE CHARACTERS IN THE ARRAY 

18 PRINT 28 
28 FdRMATdHl,'PRINTER PLOT M 

00 2 6 1=1,55 
^t PRINT 27 , IGRAPHd, J I , J=1 ,130 I 
2 7 F O R M A T d H , 
6 1 CONTINUE 

J I M = 2 

RETURN 
END 

1 . 0 0 8 H . 0 1 4 
4 . 0 0 3 H E . 0 2 5 
6 . 9 3 9 L I . 0 5 5 
9 . 0 1 2 B E . 1 1 1 

1 0 . 8 1 1 B . 1 8 t 
1 2 . 0 1 1 C . 2 8 4 
1 4 . 0 0 7 N . 4 0 C 
1 5 . 9 9 9 0 . 5 32 
1 8 . 9 9 8 F . 6 8 5 
2 a . l 8 3 N E . 8 6 7 
2 2 . 9 9 0 N A 1 . 0 7 2 
2 4 . 3 1 2 M G 1 . 3 03 
2 6 . 9 8 2 A L 1 . 5 6 C 
2 8 . 0 8 5 S I 1 . 8 4 C 
3 0 . 9 7 4 P 2 . 1 4 4 
3 2 . 0 6 4 S 2 . 4 7 C 
3 5 . 4 5 3 C L 2 . 8 2 C 

" 3 9 . 9 4 8 A R 3 . 2 0 3 
3 9 . 1 0 2 K 3 . 6 0 8 
4 0 . 0 8 0 C A 4 . 0 3 J 
4 4 . 9 5 5SC 4 . 4 89 
4 7 . 9 0 0 T I 4 . 9 6 5 
5 0 . 9 4 2 V 5 . 4 6 4 
5 1 . 9 9 6 C R 5 . 9 8 9 
5 4 . 9 3 8 M N 6 . 5 3 ( 
5 5 . 8 4 7 F E 7 . 1 1 1 
5 8 . 9 3 3 C 0 7 . 7 1 0 
5 8 . 7 1 0 N I 8 . 3 3 2 
6 3 . 5 4 0 C U 8 . 9 8 C 
6 5 . 3 7 0 Z N 9 . 5 6 1 
6 9 . 7 2 0 G A 1 0 . 3 6 8 
7 2 . 5 9 0 G E 1 1 . 1 0 4 
7 4 . 9 2 2 A S 1 1 . 8 6 5 
7 8 . 9 5 0 S E 1 2 . 6 5 5 
7 9 . 9 0 9 B R 1 3 . 4 7 C 
8 3 . 8 0 0 K R 1 4 . 3 2 4 
8 5 . 4 7 0 R B 1 5 . 2 0 2 
8 7 . 5 2 0 S R 1 6 . 1 0 7 
8 8 . 9 0 5 Y 1 7 . 0 3 8 
9 1 . 2 2 0 Z R 1 7 . 9 9 9 
9 2 . 9 0 6 N B 1 8 . 9 8 7 
9 5 . 9 4 0 M 0 2 0 . 0 . 0 4 
9 9 . 0 0 0 T C 2 1 . 0 4 7 

1 0 1 . 0 7 0 R U 2 2 . 1 1 9 
1 0 2 . 9 0 5 R H 2 3 . 2 2 C 
1 0 6 . 4 0 0 P O 2 4 . 3 4 8 
1 0 7 . 870AG 2 5 . 5 17 
1 1 2 . 4 0 0 C D 2 5 . 7 1 6 
1 1 4 . 8 2 I N 2 7 . 9 4 2 
1 1 8 . 6 9 0 S N 2 9 . 1 9 5 
1 2 1 . 7 5 0 S B 3 0 . 4 8 6 
1 2 7 . 6 0 0 T E 3 1 . 8 1 1 

1 I 3 O A I I 

-

._. 

1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
4 
4 

. 0 0 5 

. 0 0 6 

. 0 0 9 

. 0 0 7 

. 0 0 9 

. 0 1 8 

. 0 3 1 

. 0 4 9 

. 0 7 3 

. 1 0 1 

. 1 3 2 

. 1 5 5 

. 2 0 0 

. 2 4 5 

. 2 9 5 

. 3 4 6 

. 4 0 2 

. 4 5 5 

. 5 1 3 

. 5 7 5 

. 6 4 0 

. 7 0 7 

. 7 7 9 

. 8 5 4 

. 9 3 3 

. 0 2 2 

. 1 1 7 

. 2 1 7 

. 3 2 3 

. 4 3 4 

. 5 5 3 

. 6 7 7 

. 8 0 7 

. 9 4 1 

. 0 79 

. 2 2 3 

. 3 7 1 

. 5 2 3 

. 6 7 8 
,8 38 
. 0 02 
. 1 7 3 
. 3 5 1 
. 5 3 8 
. 7 3 0 
. 9 2 9 
. 1 3 2 
. 3 4 2 

22 8 . 
1 1 4 . 

. 0 0 7 

. 0 04 

. 0 0 2 

. 0 0 2 

. 0 0 3 
. iOP4_ 
. 0 03 
. 0 04 
. 0 02 
. 0 0 8 
. 0 1 7 
. 0_29_ 
. 0 4 1 
. 0 5 4 
. 0 6 9 
. 0 8 9 
. 1 1 0 
. 1 3 3 
. 1 5 7 
. 1 3 0 
. 2 0 5 
. 2 2 7 
. 2 5 3 
. 2 7 9 
. 3 0 7 
. 3 35 
. 3 9 8 
. 4 4 0 
. 4 4 3 
. 5 1 1 
. 5 2 8 
. 5 7 2 

6 7 . 6 
4 4 . 7 
3 1 . 6 0 
2 3 . 6 2 
1 8 ; 3 2 
1 4 . 6 1 0 
1 1 . 9 1 0 

9 . 8 9 0 
8 . 3 3 9 
7 . 1 2 5 
6 . 1 5 7 
5 . 3 7 2 
4 . 7 2 8 
4 . 1 9 2 
3 . 7 4 1 
3 . 35 8 
3 . 0 3 1 
2 . 7 4 9 
2 . 5 0 4 
2 . 2 9 0 
2 . 1 0 2 
1 . 9 3 6 
1 . 7 8 9 
1 . 6 5 8 
1 ^ 5 4 1 
1 . 4 3 5 
1 . 3 4 0 

_ 1 . 2 5 4 
1 . 17 5 
1 . 1 0 5 

_ 1 . 0 4 0 
. 9 8 0 
. 9 2 6 
. 8 7 5 
. 8 2 9 
. 7 8 6 
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. 8 8 4 5 9 0 5 9 E - 0 1 -

. 3 9 0 3 2 8 1 3 E - 0 1 -
. 3 9 4 3 2 5 5 5 E - 0 1 -
. 8 9 9 0 9 1 3 8 E - 0 1 -
. 9 0 3 0 7 2 0 5 E - 0 1 -
. 9 0 5 0 5 0 8 7 E - 0 1 -
. 9 0 9 8 2 9 5 4 E - 0 1 -
. 9 1 2 8 8 4 3 2 E - 0 1 -
. 9 1 6 3 8 4 5 2 E - 0 1 -
. 9 1 9 7 5 7 1 4 E - 0 1 -
._92205793E-01-
. 9 2 5 2 1 4 2 5 E - 0 1 -
. 9 2 7 2 7 2 9 2 E - 0 1 -
.93074957E-01-

33062501E-02 
3557 1998 £-02 
3798 4821 E-(J2 
40240545 E-02 
4248 9089 E-02 

. 44 99 3224E-02 
47235572E-02 
49350727E-02 
5 1 5 8 5 1 5 7 E - 0 2 
53739211E-C2 
55000292E-02 
57985500E-02 
59875815E-Q2 
5 1 8 2 3 5 3 5 E - 0 2 
5402 7040 E-02 
5578 8492 E-fi2 
5754 1096 E-02 
59259326 E-02 
7107 1974 E-02 
72754737 E-02 
74320953 E-02 
7589 7928 E-D2 
77345390E-02 

. 7852 9577E-02 

. 80 29 2836 E-B 2 

. 81541870E-O2 
, 82741585E-02 
, 84098331 E-02 
, 8 5 ^ 3 1 4 3 6 E - 0 2 
, 8641 0743E-02 
, 87447947E-02 
. 88519773E-02 
, 8 9 4 1 4 5 1 3 E - 0 2 
, 9 0 5 1 0 7 8 0 E - 0 2 
, 9136 9988E-f l2 
, 9 2 0 5 1 5 3 9 E - 0 2 
, 93273959E-02 
, 9390 5135 E-02 
. 94550044E-02 
. 95508850E-Q2 
. 96209508 E-02 
. 96 8C 3450 E-0 2 
. 9747 8971 E-02 
. 98189606E-02 
.9882 2445E-S2 
. 99059973E-02 
. 9957 2025 E-02 
. 1002 2944E-01 
. 10085205E-01 
. 10123148E-01 
. 1017 2039E-Cn 
. 10209905 E-Ott 
. 1 0 2 2 0 1 2 5 E - 0 1 
. 1 0 2 5 9 1 3 7 E - O I 
. 1C294398E-01 
. 1032 5525E-01 
. 1035 5106 E-01 

. 9 3 0 9 8 1 1 7 E - 0 1 -

. 9 3 3 7 5 4 0 9 E - 0 1 -

. 9 3 4 8 1 2 5 1 E - 0 1 -

. 9 3 5 3 5 4 8 3 E - 0 1 -

.937O076OE-O1-

. 9 3 7 8 1 7 2 4 E - 0 1 -

1035 983,8,E-01 
l ( ) 3 9 6 1 2 l E - 0 r 
1040 7283E-Q1 

_li3AiA065i^aL 

. 1 6 7 6 0 1 0 4 E - 0 3 - , 

. 18128080E-0 3 - , 

. 1 9 3 2 4 3 0 0 E - O i - , 

. 2 0 4 9 0 1 4 6 E - 0 3 - , 

. 2 1 5 5 3 7 0 8 E - 0 3 - , 

. 2295 9 0 2 6 E - 0 3 - , 

. 2 4 1 3 5 4 4 6 E - 0 3 - , 

. 2 5 2 2 3 9 0 0 E - 0 3 - . 

. 2 6 4 5 4 8 2 2 E - 0 3 - , 

. 2 7 5 1 9 7 0 5 E - 0 3 - , 

. 2 8 7 0 8 9 1 3 E - 0 3 - , 

. 2 9 7 4 0 7 5 3 E - 0 3 - , 

. 3 0 7 2 0 4 4 3 E - 0 3 - , 

. 3 1 7 3 7 4 6 9 E - 0 3 - , 

. 3 2 9 0 5 5 5 9 E - 0 3 - , 

. 3 3 8 2 1 2 7 4 E - 0 3 - . 

. 3 4 7 9 3 0 3 3 E - 0 3 - . 

.35531479 E - 0 3 - . 
. 3 5 5 8 5 7 7 8 E - 0 3 - , 
. 3 7 4 6 7 9 2 1 E - 0 3 - , 
. 382844 9 6 E - 0 3 - , 
. 39111550E-0 3 - , 
. 3 9 8 6 5 1 3 9 E - 0 3 - , 
. 40525732E-0_3-, 
. 4 1 4 1 0 5 6 2 E - 0 3 - , 
. 42 055995 E - 0 3 - , 
. 4 2 5 7 5 5 3 9 E - 0 3 - , 
. 43383315 E - 0 3 - , 
. 4 3 9 7 2 1 2 7 E - 0 3 - . 
. 44585205E-03-^ 
. 4 5 1 1 8 2 5 5 E - 0 3 - . 
. 4 5 7 3 0 3 1 1 E - 0 3 - , 
. 4 6 1 2 4 2 0 4 E - 0 3 -
. 46595028E-03 - . 
. 4 7 1 2 9 4 5 5 E - 0 3 - . 
. 47460651 E-03-,j 
. 4 8 1 0 8 6 2 0 E - 6 3 - , 
. 4 8 4 1 3 1 5 4 E - 0 3 -
. 4 8 7 8 4 2 6 0 E - 0 3 -
. 4 9 2 2 2 5 4 0 E - 0 3 -
. 4 9 5 5 9 7 5 6 E - 0 3 -
. 49855117E-03 -
. 5 0 1 8 7 1 9 7 E - 0 3 -
.50541124 E -03 -
. 508S0526E-( 
. 5 0 9 3 4 8 1 4 E - 0 3 -
. 5 1 2 2 5 4 1 1 E - 0 3 -
.51492215E-0_3-
. 5 1 7 9 5 9 4 0 E - 6 3 -
. 5 1 9 5 7 0 2 9 E - 0 3 -
.52182953E-03J 
. 5 2 3 4 3 9 2 8 E - 0 3 -
. 5 2 3 4 4 1 1 2 E - 0 3 -
.5257 0012 E-03j 
. 5 2 5 5 8 1 0 1 E - 0 3 -
. 5 2 7 7 8 7 9 2 E - 0 3 -
. 5 2 8 9 1 3 4 3 E - 0 3 -

3135 7012E-05 
33972815E-C5 
3623 8338E-Q5 
38444980E-05 
40549144E-05 
4315 6779E-05 
45383455E-05 
4745 3515E-05 
4979 9 2 7 9 i - 0 5 
5181832 4E-05 
54095794E-05 
5 6 0 5 5 4 6 2 £ - 0 5 
57912005E-05 
59849446E-05 
6 2 1 0 1 7 4 2 E - 0 5 
63835742E-05 
65593493E-05 
6 7 2 8 1 4 8 8 E - 0 5 
6 '9109125E-05 
70793358E-05 
7234 521.2 E: iOj__ 
73925414E-05 
75355829E-05 
7660 0255E-05 
7830 6430 E-05 
79525070E-05 
a0594276E-05 
82055114E-05 
83155551E-05 
843210B9E-05 
85319524E-05 
86483225E-05 
B7202754E-05 
88285401E-05 
89091177E-05 
89585980E-05 
90930449E-05 
91473912E-05 
92153709E-05 
92972007E-O5 
93504821E-05 
9411 1708E-05 
94713033E-05 
95 350534E-05 
9591 
9 6 0 I 4 2 9 6 E - 0 5 
96535270E-05 
970O38OaE-05 
97549555E-05 
97802358E-05 
98188980E-05 
9844 1771E-05 
98356117E-05 
98751434E-05 

10423582 E-On 
10444441 E -a i 
1044 124 3 E,r 0,1 
1044 4 8 4 r E - 0 1 
1043 5839E-01 
1 0 4 2 J 6 6 4 1 ^ a i 

52916608E-03 
, 5 3 0 0 9 0 3 5 E - 0 3 -
, 5 3 0 1 3 0 4 2 E - 0 3 -
, 5 3 1 3 0 9 5 7 F - n 3 -
. 5 2 9 8 3 9 6 1 E - 0 3 -
, 5 3 0 4 3 0 2 1 E - 0 3 -
, 5 2 9 6 0 7 8 2 E - 0 3 -
, 5 2 9 1 8 1 7 6 E - 0 3 -
, 528O1171E-03 -
• S 2 6 9 3 1 5 a E - 0 3 -

98355786E-05 
99024313E-05 
99177449E-05 
9915a840F -05 
99251452E-05 
99190754E-C5 
99352? 
9 8 9 7 0 3 1 2 E - 0 5 
99009704E-05 
98758739E-05 
98588646E-05 
98255157E-05 

. 9795 7581 E-05 
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- . 38 3 1 7 6 2 7E + 00 . 9 3 8 1 2 3 6 0 E - 0 1 - . 1 0 4 1 4 3 4 7 E - 0 1 . 5 2 5 4 2 7 8 5 E - 0 3 - . 9 7 562 3 4 9 E - 0 5 
- . 3 8 3 8 9 1 4 7 E + 00 . 9 3 a 4 1 8 1 0 E - 0 1 - . 1 0 3 9 9 7 0 8 E - 0 1 . 5 2 3 8 9 7 0 3 E - 0 3 - . 9 7 1 6 0 3 3 6 E - 0 5 
- . 3 8 4 2 2 5 7 9 E + 00 . 9 3 7 3 6 7 0 6 t r 0 1 - . 10 35 6 1 3 9 E-'Ol . 5 2 1 2 5 1 0 6 F - n 3 - - 165 7 8 t . « 7 F - 0 5 
- . 3 8 4 7 0 3 3 7 E + ob . 9 3 6 7 6 2 3 7 E - 0 1 - . 1 0 3 3 3 1 6 6 E - 0 1 . 5 1 8 9 0 8 2 3 E - 0 3 - . 9 5 9 5 5 5 9 8 E - 0 5 
- . 3 8 5 1 8 6 5 3 E +00 . 9 3 6 1 8 2 5 6 E - 0 1 - . 10 3 1 0 3 8 7 E - 0 1 . 5 1 6 5 6 7 5 0 E - 0 3 - . 9 5 3 8 1 6 5 5 E - 0 5 
- . 3 8 5 2 3 5 0 3 E + 00 . 9 3 4 0 0 3 0 0 E - 0 1 - , . 1025 954 2 E - 0 1 , , . 5 1 i 8 A ( ! i i E 
- . 3 8 5 4 1 4 9 4 E + 0 0 . 9 3 2 2 4 9 5 9 E - 0 1 - . 1 0 2 1 4 3 2 1 E - 0 1 . 5 0 9 4 4 7 2 0 E - 0 3 - . 9 3 7 2 4 5 6 4 E - 0 5 
- . 3 8 5 5 4 5 1 3 E + 0 0 . 9 3 0 2 5 9 5 3 E - 0 1 - . 1 0 1 6 5 0 3 1 E - 0 1 . 5 0 5 7 7 7 3 6 E - 0 3 - . 9 2 8 5 8 6 2 1 E - 0 5 
- . 38 50 3 84 5 E + 0 0 . 9 2 5 9 6 0 0 7 E - 0 1 - . 1008 2920 E-01 ._, 5 C 0 1 5 3 7 6 E - 0 3 - . 9 1 6 1 0 9 2 5 E - 0 5 
- . 3 8 5 1 5 389E + 00 . 9 2 3 7 7 9 1 7 E - 0 1 - . 1 0 0 2 9 5 3 1 E - 0 1 . 4 9 5 1 9 8 3 0 E - 0 3 - . 9 0 6 8 5 8 9 3 E - 0 5 
- . 3 8 5 1 6 9 1 8 E + 0 0 . 9 2 1 1 3 5 2 7 E - 0 1 - . 9 9 6 8 6 5 1 1 E - B 2 . 4 9 1 7 5 5 8 5 E - 0 3 - . 896 5 9 8 1 4 E - 0 5 
- . 3 8 4 8 1 9 9 1 E + 00 . 9 1 7 1 1 3 5 2 E - 0 1 - . 9 8 8 7 7 0 5 2 E-02 . 4 8 6 1 0 9 8 9 E - 0 3 T . , a B 3 8 2 2 9 1 t - O i -
- . 3 8 4 1 6 4 9 4 E + 0 0 . 9 1 1 8 3 3 2 3 E - 0 1 - . 9 7 3 8 7 8 1 6 E - 0 2 . 4 7 9 3 6 6 7 7 E - 0 3 - . 8 5 8 7 3 6 3 0 E - 0 5 
- . 3 8 36 3713E + 00 . 9 0 6 9 3 3 8 1 E - 0 1 - . 9 5 9 2 0 2 2 8 E - 0 2 . 4 7 2 6 9 1 0 5 E - 0 3 - . 8 5 3 7 0 9 5 9 E - 0 5 
KALAMAMB , . 

ABCDEFGHIJKLMN0PQRSTUVUXY2 
AO 00 1 

Graph titles 
RADIAL DISTANCE FROM C ENTER(MI LS 1-UT PERCENT OF U UT PERCENT OF PU MT PERCENT OF 

U+PU UT PERCENT RATIO P U / U UT PERCENT RATIO P U / ( U + P U I O 0 0 0 0 
O O O O O 0 9 8 7 6 5 . 4 , J 2 1SX^._ 
0 10 20 30 4C 50 60 70 30 90 1 
00 110 1 2 0 130 > : P U / U . : P U / I U » P U I 
RADIAL DISTANCE FROM C E N T E R I M I L S I UT PERCENT OF U UT P E R i f N I OF PUMTl, EERC£1U_J1 
F U+PU HT PERCENT RATIO PU/U UT PERCENT RATIO P U / I U + P U l 
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APPENDIX B 

List of Symbols 

Common Designation 

Atomic number 

Atomic weight 

Analytical-line wavelength 

Analytical-line excitation 

Absorption edge of analytical line 

Fluorescent yield 

Mean ionization potential, J 

Overvoltage ratio 

Backscatter factor 

Z / A 

|EO + E C I / 2 

In 1.1 66E 

Electron-energy coefficient, a 

h in Philibert 's equation 

1 + yjo 

f(x) 

f(X)R/s 

Mean backscatter factor 

Mean atomic number, ^ 

Mean ( Z / A ) 

Mean h value, h 

Mean ionization potential, J 

Chi for an alloy, x. 

Mean overvoltage ratio 

f(X) for an alloy 

P rogram Designation 

AT.NO, 

A T . W T . 

WAVE 

EC 

EDGE 

W 

P F 

U 

R 

ws 

E 

VAL 

SIGMA 

HS 

US 

FS 

FACT 

RAL 

ZAL 

WSAL 

HAL 

PAL 

YP 

UAL 

FAL 
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APPENDIX C 

Prograrruning Notes for Plotting Subroutines 

1. Subroutine GRAPHS 

Subroutine GRAPHS calls plotting subroutines depending on the 
value of a var iable MARY, which is read from the graph options card. This 
routine also calculates the plutonium-to-uranium and plutonium-to-uranium-
plus-plutonium ra t ios , which a re then plotted. The ratios to be plotted and 
the graph axis labels were determined when the program was writ ten. For 
other rat ios or axis labe ls , minor changes in the program would be neces ­
sa ry . The axis labels in use at ANL appear at the end of the listing. A 
tes t var iable JIM ensures that the pr in ter -plot subroutine PPLOT is called 
only once. Another tes t variable LET prevents calling the CALPLT and 
PPLOT subroutines more than once. 

2. Subroutine CALPLT 

All graphs generated by this subroutine a re automatically scaled 
based on the range of values to be plotted, except the graphs of uranium-
plus-plutonium wt % versus distance and of uranium, plutonium, and 
uranium-plus-plutonium versus distance. For these plots, the ordinate 
l imits a re always 0 and 100 wt %. 

3. P r in te r Subroutine PPLOT 

This subroutine is more res t r ic t ive with regard to scaling of the 
pr inter graph axes . All scaling is p rese t , and the maximum distance that 
can be plotted is 134 mi l s . Because the routine determines the location of 
a point by truncation, the points on the graph are located to within Z wt % 
on the y axis and 1.25 mils on the x axis . 
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A P P E N D I X D 

x^isting of MAGRAM Input and Output 

1, MAGRAM Input 

AO 120 
H0V15 45-821 FAOIAL DfSTN. OF U 
25-.C 2 1 0 . 0 9 .13 4 5 . 

U MA PU MB C 
mr .sao a 
PU02 . 8 ( 3 5 0 

4 3 0 0 0 2;2!00 

430C0 

430C0 

4295 0_ 
4 ] l 0 0 
4320 0 
4 3 4 5 0 
4 3 5 C 0 
99 9S9 
« 4 
. 0 
. 0 
. 0 
4 . 0 
7 . 0 
000 

31C 

3 i c " 
•icoo 

195 00 
i' 9C 40 
1 9 ( 0 0 
I 92^90 
li»«7C 

- —1 Problom Number and -Id& 

0 3 . C 3 . 0 I Microprobe analysis conditions CK.V., No. of s tand­
ards , counting time, e t c . ) 

2550 

1550 
500 

18 380 
18270 
18 730 
ISOSO 
18 700 

Identification of characteristic x-ray lines and 
compound standards 

X-ray intensities measured on the standards (beam 
current and total counts in 10 sec.J 

(JMcr PuMO D -. SpeLLLumelei Detuned 
on UO? I D T 1 to obtain background 

Background matrix ^^ ^ ^ \ j, „ J j . spectrometer tuned t. 

I Radioactive background, beam turned off 

X-ray Intensities measured on the sample and beam 
current 

I Card Indicating end of data set 
J Graph Options Card 

Radial position cards 

j Card Indicating end^f j)robl«n 

2. MAGRAM Output 

u 
PU 

0 

A T . « T . 

FRC8LEH NUMBER A 1 2 0 

PF EDGE EC 

52 2 3 8 . 0 3 0 1 2 4 3 . 7 8 6 ' 3 . 4 9 7 3 . 5 4 5 
54 2 3 9 . 0 0 0 1 2 7 0 . 3 4 5 - 3 . 2 8 2 3 . 7 7 8 

8 1 5 . 9 9 9 0 . 0 2 3 . 3 2 0 0 . 5 3 2 

WAVE U R 

3 . 9 1 0 7 . 0 5 0 . 6 4 7 2 7 9 
3. 5 0 5 6 . 6 2 0 . 6416 83 

2 3 . 6 2 0 2 C . 0 0 0 . 9 5 2 3 4 6 

NASS ABSORPTION C O E F F I C I E N T S 

RAOIAT ION I - CA PU MB 

ABSGR BER 

U 
PU 

0 

6<!6. 
'T6 4 . 
17 2 . 

493. 
612. 
126. 

0 . 3 8 6 5 
0 . 3 9 33 

1 4 . 2 7 2 5 
1 4 . 3 8 9 0 

9 . 7 1 93 
9 . 7 2 75 

.21 46 .62 
• 2 1 5 8 . 8 2 

0 . 1266 
0. 1217 

1. 3992 
1 .4C11 

: 0 . 6 S 3 2 
; 0 . 6 5 2 8 

0 . 4 4 7 6 5 
0 . 4:-8C 6 

ESP = C . 2 5 4 5 5 0 3 9E 0 4 
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STANDAIfD I N T E N S I T I E S CORRBCTED FOR DEAOTIHE AND DRIFT 

BEAM rilRREMT U PU 

4 3 C 0 0 . 0 2 3 0 5 8 . 4 1 8 6 1 7 1 . 4 4 

C O U N H M G IIKTERVAL . 1 0 . 0 SECONDtSI 

a jCKi GROUNDS 

CONTRIBUTED TO 

BT 100 Z OF 

U JIC.-O 
PU 3 1 C . < 

2552 .0 
1550 .7 

I PROSLEH NUMBER A 120 

ATONIC 
- MM fior fl 

ATOMIC B»CKSCATTER 
— « * C T f l « 

EXCITATION 
P0T6 NT I At 

ABSORPTION 
J U t p R t T f t l -

FLUORESCENT 
TIELC 

PU 
0 

2 3 9 . 0 0 0 
1 5 . 9 9 9 

. X 64 2 
. a . 95 2 

3 . i 4 5 
3 .778 
0 . 5 3 2 

- O.OO 
0.00 

21.10 

C.-000 
0 . 0 00 
0 . 0 0 4 

frSSS" S BSOK rJ'. ION "I 

RADIATION U'HA 

U 
PU 

O 

mi. 
'9164. 

49 3 . 
6 1 2 . 

-m. 

C O U N H U G I IKTERVAL. 1 0 . 0 SECOND I S I 

CONTRIBUTED TO 

Br 100 X OF 

•ACKCROUNDS 

U OU PU MB 

31ff.« 
-J ICO 

2 5 5 2 . 0 
1 5 S 0 . 7 
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MBER A 1 2 0 

I N T E N S I T I E S <CPS X COUNITFNC I N I E K V A L I 
CORRECTED FOR D E A D - T I M E AND DRIFT 

u 
18636 
1871 2 
1862 9 
1821 1 
1 8 3 7 0 

/ 
/ 
/ 
/ 
/ 

23058 
23058 
23058 
23C58 
23C58 

PU 
18002 
1 7829 
18250 
1 8466 
1 80 95 

/ 
/ 
/ 
/ 
/ 

86171 
86171 
85171 
86 17 1 
85 17 1 

STANCARO BACKGROUNDS (CPS X C O I N T I A G I N T E R V A L I 

3 IC 1 5 5 1 

D E A D - T I M E (MICROSBCCNDSI 

J'.C 3 . 0 

COUNTING I N T E R V A L . I C O SECONDS 

PROBLEM NUMEER i 1 20 

I N D I V I D U A L K - R A T I O S CORRECTED FOR 
D E A D - T I M E . DRIFT AND BAOKGRO UhD ONLY 

N U 
0.8074 
0.8108 
0.80 71 
0.78 89 
0.7559 

PU 
0. 1883 
0. 1852 
0. 1912 
0 .1941 
0 . 1 8 96 

U DETERMINEO RELAT I V E 
TO A STANDARD 0 F UO 2 

PU DETERMINED RELAT I V E 
TO A S I ANDARO OF PL 02 
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eaOSLEM NUMBER Ai 120 

SUBMITTED ,l)< 

DESCRIPTION - H0V15 4 5 - 8 2 R ADI A L '01 ST N. OF U S PU 

ACCELERATING VOLTAGE 2 5 . 0 KEV 

X - R i r EHERCENCE-ANGLE 4 5 . 0 DEGREES 

STIAAOARO PEAK-TO-BACKGROUND 4 M T I 0 S <P /B I AND 
MINIMUM DETECT ABIL ITT IL IM ITS IMOLl 

C . 2 353 UT X 

C . 1 4 4 6 UT t 

CHEHICAL COMPOSIITIa^ 
UEIGHT PERCENT 
ATOMI C PERCENT 

0 DETERMINEO BT DIFFEJ*£NCE 

DBS 

1 

2 

3 

4 

5 

L 

7 2 . 2 0 6 
26 , .538 

7 2 . « 9 1 
2 7 . 1 9 5 

7 2 . 1 9 3 
2 7 . 2 5 8 

7 0 . 5 9 2 
2 4 . 89? 

7 1 . 1 8 5 
2 5 . 3 7 3 

PU 

1 5 . 6 8 1 
5 . 8 2 6 

15 . 5 0 3 
5 . 7 9 2 

1 5 . 9 2 4 
5 . 9 8 8 

16 . 1 8 0 
5 . 6 84 

1 5 . 8 0 0 
5 . 6 0 9 

0 

1 2 . 1 1 4 
. 6 7 . 2 3 6 

1 2 . 0 0 6 
5 7 . 0 1 3 

1 1 . 8 8 4 
6 6 . 7 5 4 

13 .228 
6 5 . 4 1 7 

1 3 . 0 1 5 
6 9 . 0 1 8 
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S U B C I T T E O BT 

D E S C R I P T I O N - H0V15 4 5 - 6 2 R A D I A L C I S T N . OF U t PU 

MEAN CHEMICAL COMPOSIITDO* AND TUO 
SIGMA L I M I T S BASED ON 5 ANAl .rSES 

UEIGHT / ATOMIC 
PERCENT PERCENT 

U 7 1 . 7 3 8 - 1 . 4 5 1 2 6 . 3 3 7 - 1 . 9 9 3 

PU 1 5 . 8 2 2 - 0 . 4 6 2 S . 7 8 S - 0 . 2 6 5 

0 • 1 2 . 4 3 9 - 1 . 1 2 1 6 7 . 8 7 8 - 2 . 2 1 6 

• DETERMINEO BT D IFFERENCE 

MEiAM I N T E N S I T Y RAT IOS AND TWO S I GPA L I M I T S 

ELEMENT i K 

U 0 . 8 0 2 0 - C . 0 166 
PU 0 . 1898 - 0 . 0 0 5 4 

ACCELERATING VOtTAGE 2 5 . 0 KEV 

X-RAY EMERGENCE ANGLE 4 5 . 0 DECREES 

D E N S I T Y 9 . 1 3 

D E P I M OF ANALTZEO REGION 1 . 1 3 MICRONS 

SIiAAOARO PEAK-TO- f lACKCROUNO-RATIOS ( P / B I AND 
[MINIMUM DETECT ABIL ITT iLfcMITS (MOLI 

ELEMENT 

U 

PU 

P/ B 

8 3 / 1 

51 n 

MBt 

C.2393 UT t 

0 .1446 UT X 
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